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ABSTRACT 

, Designed for students in thA^ ninth grade, this 

electricity/electronics curriculum guide contains instructional 
lodules for twenty-four units, of instruction. Among the modules 
included are (1) introduction to the wo r I'd of electricity, (2) 
electrical safety, (^) the electrical teaj , (UJ resistance and 
resistors, (5) electric lawps and heatingvdevices, (6) motors and 
generators, (7)* low voltaW circuit wiring cf sigaial devices, (Bi 
■ house wiring, (9) conmunication systems^ arid (10)' exploring 
occupations in eXeptricity a^id electronics- Each instructional module 
is divided into two sectiei^s.' ^he first section is an instructor's 
guide which, enables the^nstructc'r to have a , lesson plan overview to 
the unit. This overview includes the title of the unit, tine 
allocation, unit goal,- unit oblectives, evaluation, instructor 
references, unit overview, suggested' presentation hints/methodology., 
supplemental activites and demonstrations, and -instructional mt^ule • 
'contents listing- Section 2 of the aodule contains the pacfcet -«f 

materials to be utilized in the cpLassrooa. Each packet includes the 
^following parts: unit outline/tra^.sparency laaster, ' pr^-post _test> 



vocabulary enrichment activities. 



sto-dent inf cr national handiouts. 



related guest activities, and ansfwer keys- (LRA) 
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PREFACE 



■ « 



Industrial '-Educa^t ion , "in the public schools of California, is ^ 
a' generic tentt which applies to all levels of educatio.n and 
t r ai hi n.|; which relate directly to industrial occupations. • 
Industrial Education ii^cludes the major sub ject -matter fields 
of industrial arts, trade and industry, and technical '^ancj health' 
careers and services. A' comprehensive and reflective I^idustrial # 
Education curriculum will assist and support- students in sc-loctinCi 
preparing, and advancing in occupations or careers which currently 
exist or which are emcTcing. . 

. . ■ • 
Industrial. ''Education programs are also those educational pro£;Tars 
which pertain to thcoody of related, subject matter organized 
for the development of understanding about the technical, con- 
sumer, occupational, recreational, organizational , managerial , 
spcial , historical ij' and cultural aspects of industry and 
technology. ^ ■ . , • 

In essence. Industrial Education curriculum is concerned Vith 
aiding the individual to respond and react sensitively to 
technological developments; and to. cope efficiently and 'effectively 
with the consequences in one's personal fe • 

In order tcV^ovide Skills for .students tw meet their employnent 
needs in the future, the educational syste!^ must me^t its 
curricai'lW challenges today, - One meaftS of solving this probler 
was tht development o^ the State Electrici^t^y /Electronics 
Curriculum Guide Phase I| that centered on a competency-based 
cluster approach to derive curriculum. Phase II provides the ' 
necessary, Instructional Learning Module^ including classroor 
materials for a realistic curriculum foundation vwhich will assist 
i,n developing student competencies for entry leve^ occupations 
and/or technical specialization. Statewide application of these 
mateyials 'will allow for student mobility because of standardization 
and it avoids duplication of high cost instruction. 

It is sincerely hoped that the educational materials/ contained in 
this curriCculum project will serve as the foundation for improving 
instruction in the arefa of Electricity/Eiectrbnics within the 
school systems. Off California.. 
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INTRODUCTION 



Philosophical gack^round 

6ne of the primary purposes of 'the public schools<in our society 
is' to acquaint the young with the nature of the culture within which 
they live and operate. The American culture is distinctly 
tecnnoloiiical therefore, it is the responsibility of our. . 
educational system to a«iqu*aint our youth with the nature of thrs 
technological' culture. The tremendous acceleration of industrial . 
technology has had and will- continue t,o have an overwhelrinf;, 
impact on' society; . ' 

One fundamental concept behind .Industrial Education in our 
educational system *is that technical expediences, curriculum, 
instruction, and guidance -assist the student in preparation for 
economic independence and an appreciation for the dignity of 
work. Another main thrust is to prepare students for a success- 
ful life of Work by increasing their options for occupational^ 
choice, by eliminating barriers^ to attaining job skills, atid 
by enhancing learning achievement in ail subject 'areas. 

Irrespective' of what ,the future may hold, individuals Jiving 
in our 'present day environment will be handicapped unless they 
are reasonable well informed concerning the vast Electrical/ 
Electronic technological applications in our daily living. Our , 
present civilization is scarcely conceivable without the 
applications of Electricity/Electronics which have become 
identified with the industrial growth of our countr)' and our 
thousands of eveiyda/ conveniences. The Electricity/EJ^etrtronics 
subject field is an integral part of the- Industriai^ucaticn 
curriculum, and this field provides employment for yfil lions of ■ 
ilidividuals annually. 

The total impact of , Electricity/Electronics on humai 
such magnitude that it necessitates a, comprehensive 
program in our schools to prjoduce informed individuals capable 
of effective and meaningful functioning in our sotiety. 




Project Purppse Phase 

During the Industrial Revolution, Industrial Jiducation focused on 
primary or single skill development, and this approach wais viable 
in an era tha,t requited the mastery of one skill for .initi'al 
employment, ttowever, present technological developments m the 
labor market have necessitated that individuals within the labor 
force have a multii)licity of skills to meet the needs pf the 
nation's trade and technological i communities . 

, ■ " . 

. ' . 8 



In order to facilitate metliods for students to meet their 
emplovment needs in the future, the educational system must ^neet 
its curriculum challenges today. One means of solving this prchlen 
is the development of an Electricity/Electronics instructional 
program that ceirters on a com.petency-based cluster approach tp 
derive curriculum. Utilizing this approach, the student will have 
a realistic curriculum foundation which will provide access to 
the necessary coftipe tencies for entry level occupations^ anc/or 
technical specialization, 

/ The basic intent of the State Electricity/Electronics Curri culur 
Guide was to provide educators within Industrial Education a 1^^ 
competency-based guide that pan be adapted or adopted to any ^ 
^existin*- or new program without major-cost expenditures. Hopefully, 
the cuide will act as a catalyst , for educators who desirc^.a . . 
revision or restructuring of their Elcctricity/Electronits _ 
curriculum, yet the guide format provides tJie flexibility fjf^ 
teacher-baled modifications related to' methodology , instructional 
resources, textbooks, equipment, laboratory systems, etc. Tor, 
the educator, the heart of this g-uide was the curriculum outlines 
that were an outgrowth of the occupational tasks and/or competencies 
identified through various occupational needs assessmeiits and tasks 
analysis inventories. 



) 



The foliowi-ng i.s,a. brief synopsis of each outline in terms of level 
of instruction and duration. • ' 



1. 



2. 



3. 



4.' 



Curriculum Outline Level I - Grades 7-8 « 

a. 9 week unit outline ' 

b. 18 week unit outline 
Curriculum Outline Level II - Grade 'J . 
a. 36 week unit outline ^ i 
Curriculum Outline Level III - Grade 10 
a. 36 week unit outline 

Curriculum Outline Level IV (Speciaiizatiori Level) 
Grades U-14 

a. 36 week unit outline at each grade level 
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The contents of the curriculum outlines were generated to increase 
th.e efficiency of the Electricity/Electronics programs in l?};^e_J' 
schools of this State, -and the competency -based structure was""^ 
established for the students so that their complex and confusing 
world begins to take on order and their learning tasks. are rore 
relevant and readily attained. ' 

• 

Project Purpose Phase II ^ . , 

The State E lectricity/EIectroni cs Curri culum ^uide was proposed 
• as a" comprehensive' educational guide designejd to elirinate the '. 
dichotomy- between forma^l school and the worldyof work. Basi*cally 
Phase II allowed, the development of Learnin^Modules for the' 
Cuide^ in an' effort to improve the preparation of Californin'-s 
youth for their future in the'world beyond the ciassroor. j 

Phase II Also addressed itself to the development an^ use of 
Instructional Modules within the classroom as a vehicle to 
implement the Curriculum Outlines presented in Phase I. 

Instructional Modules were based on each major iinit topic within 
Levels 1, II and III of the State Curriculum Cu'ide for Electricity/ 
Electronics. Approximately sixty Instructional Modules or pac}:ets 
were created for teache.r/student use.. Eaclv module contains 
•basically the following: 

1. Goals and Objeptives (unit) 

2. Outline 

3. Pre-Post Test (keyed) ^ 

4. Instructor References 
5 • Suggested Methodology 

"3. " • 

6, Demonstrations and Quest Activities 
1, Student Handouts--Informational 

8. Vocabulary Enrichment List 

» ■ . ,f 

9, Student Worksheets, 

10. , Related Instructional Acti^^^ties and Hraphical 
Illustrations 



ERIC , 



lo 



0 



ORIENTATION 



Rationale , • ' ' 

The Instructional Modules .i^ this level were specifically 
designed to assist the electronics instructor in the planning,, 
organization, and presentation of course materials. Care and 
Emphasis throughout the ciodules has hisen given to the needs of 
technical instructors who must motivate and ^^uide California's 
youth through the educational system. At tHe safne tir.e the 
authors of the Instructional Modules-were fully cognizant of 
the need to present fundamental competencies, yet, not in^the, 
traditional <lry fashdon but. w'ith an eye -towards: 

Marketing this Subject Matter , ' 

Innovative Assignments 
Eye Appeal 
. Constant Reinforcement 

Educational Ganies - 
Doing Activities 
Immediate Unit Evaluation 
"State of the >^rt" Subject Matter 
' Diversity in Teaching^Methodology 



< 



Scope 

The Instructional Modules, are generally divided into two sections 
as follows: ^ 

Section I (Instructor's Guide) . ' 

This section is presented^f irst in the module to f 
enable the instructor to have a lesson plan, overview 
to the unit. This overview 'includes ; 
>/■•■» 

1, Title of Unit • . 

2, Time Allocation 

3, Unit Goal 

4, Unit Objectives 

5, Evaluation 

6, Instructor References 

7, Overview (unit) , 

8, Suggested Presentation Hints/Methodology \ 

9, Supplemental Activrties and Demonstrations C 
10, Instructional Module Contents Listing 



o 
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All of tKe suggestions in. this section were designed 
to enhance the unit presentation .and provide the most 
effective learning environment for utilizatioi? of all ^ 
instructional materials. The contents of each module 
have been carefully prepal^ed and ijcrutinized in otder 
' to establish^ a solid technical foundation foi^ the 
student. 

Section. 11 (Instruction^al Module Materials) 

This section contains the packet of materials to be 
utilized in the ^jcl ass room. When appropriate each^ ^. 
module includes; . 

1. Unit Outline/Transparency Master . . 

2. Pre-Pbst Test (keyed) v 
*3. Vocabtilary Enrichment Activities 

. 4, Student Informational liandout's 
^ 5. Related Quest Activities . 
6, Answer Keys 

The Instructional Modules have been constructed and packaged so 
that the deletion of certain materials or the addition of pertinent 
information can fee -inserted or removed with minimal difficulty. 
Individual courses ai^xl insitructors are not identical hence provision 
for flexibility .is necessary in^ order to achieve a curriculuir. 
that is compatible with the instructor. 

In the dvent a training program requires a radical change in the 
content of material presented within a module, the instructor . 
may easily cut, insert, and paste masters to achieve the desired . 
results which art tailored to .the instructors specific needs. 



Support Systems 

No amount of planning or prepaiation can guarantee success in 
the clasSvXoom, because learning is such an intangible quality, 
yet, the lack of these, ingredients In any program immediately 
guarantees dismal educational results. The most indispensable- 
support system within the educational process is the teacher, who^ 
must have the expertise and enthusiasm that can py>pei students 
into the wdrld of learning. 

The in$tructor must also possess the drive and ambition to 
continuously improve ^d update the program, especially i'n this 
ar6\a, du6 to dtatmatic technological innovations. ^ 

The classroom should contain the necessary furniture to allow 
the course to be taught in a satisfactory manner. Good lighting 
is absolutely essential' in terras of the activities that occur. 
Power outlets are of paramount coricem for obvious reasons, 



interest; 



and their location should allow for room flexajiility. Tables, 
benches, andypr desks should cpntain locks to insure inventory 
control, and istOT/flge facilities for projects, equipment , parts, 
etc., must be readily available. Chalkboards and buUetin. boards 
sl^«ld be BJOUHteM for easy access .within *thc classroom. 
' ■ . * - ' ■ ,. ' .. • ', , , 

•■^i field of Electricity/tlectroni'cs seems toT be 'a nati^ra: 
*^a^^ to toany" students an»d the laboratory portxoa can b^ usW as 
the vehicle . to generate a vast anpunt of en-thusiasm along with ^ 
neccfssavy technical concepts. Whether an instructor AJtili^es 
individual expe'ri^j^cA^s, project construction', training systjens , 
or a conbinatio,^" approach in 'their- laboratory, is hot critical ; • 
what i^, vital iV that their selectipn reflects t ie -goals and 
objectives* that -thev want to attain withi the course. 

. . ■ '■ • • ■ ■ * " ■ 

^An individual school may have the best physical' facility equiprqnt* 
instructional. materials , a^d' administration, but in- the fin,al 
analysis' it is *the jLeacner who must promote, .co-ordinate and' / - 
maiTitf^in the prograin; 
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MODULE LISTING 

Curriculum Guide Phase II 



Introduction to the World of Electricity 
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Level II It^stTUCtional Modules* 

0 Orientation 
I 

II Electrical Safety - . . " 

III Historical Deve'lopment of Electricity 

*IV basic Electrical Skills 

V Magnetisn 

VI Nature of Electricity' 

VII Methods of Producing Electricity . ' 

- • 

VI 11 The Flow of Electricity Through Conductors and Insulators 

IX The Electrical Team 

X The l^anguage and Symbols of Electricity 

XI Components^, Switches , -and Circuits 

XII 'Resistance and Resistors- ; • 

XIII .Ellctric Lamps and lleating Devices 

. XIV Electrpma^netisn . . . , 

XV bC and AC Electricity 

XVI Motors and Generators 

XVII Low Voltage Circuit Wiring of Signal Devices 

XVIII Circuit Protection Devices 

XIX. house Wiring ' ./ . 

XX Introduction to Electronic ^Math Fun-damentals 

XXI Communication Systems 

Uivit' j XXII Exploring Occupations in Electricity and Electronics 

Unit^JxXIII Your Future in Electricity and Electronics 

•Instructional Module, contents are coordinated with the California 
Industrial Education Electricity/Electronics C urriculum Guide. 
Level II, curriculum outlines. ^ 



Unit. 
Unit 
Unit^ 
Unit 
Unit 
Unit 
Unit 
Unit 
Unit 
Unit 
Unit 
Unit 
Unit 
Unit 
Unit 
Unit 
Unit 
Unit 
Unit 
Unit 
Uni-t 
Unit 
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STATH ELHCTRlCITYZ-tLi-CTRONlCS CURRICULUM CUlDIi 
INSTRUCTOR*S CUIDU TO ACCOMPANY LEVEL 11 UNIT #0 



>TitIe of Unlt^ Orientation ' . 

Time Alloc atio n: Several Days , . 
Unit. Goal : • ' 

' * To communicate those coinpe ten ci'es which will allow an awareness 
of course goals., objectives, and basic requirements.. ^ 



Unit Objectives : 

The student will be 'able to: 

1. 



describe' examples of the technical nature of our modern 
society and the need for technical instruction in the area.- 
of Electricity /Electronics. 

2. explain basic course requirements and the system of student 
evaluation , 



3. 



demonstrate an awareness of the general course objectives 
and .verify the significance of each within this educational 



program. , ~ 

Evaluation : ' , ' 

The student will demonstrate his/her competence^in terms of these 
measurable objectives based iJpon individual instructors acceptable 
performance criteria /which may utilize a combination of oral^,or written 
. testing procedures. » " 



Inst'ructor Reference^ ; 



Industrial Education Electricity/Elect ronics Curriculum fuide Grade 
lev^s 7-14 : — PubUshe.a by the State ot, taiiiornia , ly / / . 

Innova tive Programs In Industrial Educa^on . Leslie H. Coqhran, McKnight 
and Hciinight Co., 1970. Chapters i,,^, and-7. _ 

Planni nf and Organizing Instruction . Ralph C. Bohn and Harold Silvius. ^ 

McKnight and McKnight CO., iy/6. 

Overview : 

This unit should be introduced by examining the course goals and 
objectives, not merely an instructor/student exercise m reacfing, but 
a trief di scussion in reference to each item while also highlighting 
their overall significance. , 

Basic school of classroom rules and regulations, or operating pro- 
cedures require 8tt;ention early and .this may be a good opportunity to 
oresent those to the class. ^ 

The next topic should emphasizi specific course requirements and 
the' method for student evaluation . Time should be allocated m sucn 
a manner' that it will allow extensive descriptions as needed. ^^duies 

This unit will not conclude with an examination as will /)ther modules, 
cause 0^ the length and nature of \he subject matter presented. . 



X. 



2. 



Sugiioste<^ Presentation liints/MethodoXo&y : 

F0UOW the instructional module unit outUne as a basic skeleton 
for cuTT^uluia presentation, however, note ^the following: 

This unit can afford the instructor ail unusual oppprt unity to 
learn^bout important qualities the student possesses. The^ 
Student Questionnaire for. example can act as a means to dis- 
cover a wealth of information, so read through it carefully 
upon comp let ibn, then file all stu.dent forms by. periods in 
onfe notebook for a handy reference. 

Sandout labeled "Student Performance Record" can serve 
several functions as desired. First. U can be placed at the 
front of the students V notebook as a title page, or it can he- 
firaded periodically to indicate unit performance as.eval^ed 
Sy instVuctor. Finally, this' handout cou d be. a q^ck^^^^ 
of Content^ for students in terms of .specific course content 
and/or subject matter chronology, ^ - .* / 

When introducing the Inft>rmational Handout - Electricity/ 
Electronics (area desdription) have each student read out 
liuf rsmali portian! This will immediately draw your, atten- . 
tidn to those students that 
Remember detailed Rules for 
in the safety tinit and will 
unit is only concerped with 
cedures. 



3* 



4, 



might need specia*l attention. 
Conduct andU^rocedure are located 
be taught at a later time. This 
basic classroom conduct and pro- 



SuDplemental Activities and Demonstrations ; 



1. 



r 



2. 



Initial room impressions are important so P<>^sible have . 
the bulletin boards adequately displayed, materials stored 
properly, safety -signs posted, etc. these kinds of things . 
sSTas shop appearlnce*^ develop student attitudes that will > 
ajffect their own craftmanship or performance. 
During- the first week of school many sti^ents can be disen- 
chln?fd with the "paper shuf f ling'V so tiy to demonstrat^ a 
technical device that can catch their imagination. .1^ » 
strobe light, color organ, or even a microcomputer is avail- 
able use it to generate enthusiasm about the program. 



a' 



Instructional Module Contents : ^ 

■ ■ ■ ■ ' > 

1. Unit Outline (overhead) 

2. Informational Handout (Course Goals^nd Objectives! 

3. Informational Handout (Electricity/Electronics Area Description) 

4. Informational Handout (Student Questionnaire) 

5. Infomational Handout (Student Performance Record) 

6. Informational Handout (Student Evaluation- System) ^ - 
, 7. Exam Answer Sheet (Master) 
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0-. Orientation ^ 
. A. Course Ob'jeGtiys 




B. Rules for Conduct and Procedures 



C . Course/Requirements 
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Name.: 
Date : 

s * 

' Period: 
INFORMATIONAL HANDOUT 
COURSE r.OAliS AND OBJECTIVTS 



' This Electricity/Electronics program is a technical educational prograir 
desifined to insuffe that , all indiuicJiials, aVe prepared with entry level 
skills -to enter either the world of work i>r to^cojitinue to post-secondarv 

' education . , • 

Listed below for your Yeview are soiaft-seneral objectives that will be 
Accomplished with the successful conclusion of this course! 



An appreciation of the influence the Electri ci ty/H Icctronics 
area has on our social and economic life. 

The abi^lity to select^ care for, and utilize electronic products 
equipment and tools.; 

An awareness Of^afe habits and attitudes regarding inaterials, 
tools, and equipment. 

Opportunities to explore leisure-trme activities within this 
subject field. . 

An appreciation of design, construction techniques and crafts- 
manship." 



^ An understanding' Of the occupational composition of the 
• Electricity /Electronics area within the world of work. 

^ The ability of problem-solving .technical data by utilizing 
" judgements based on valid knowledge and experience. 



sound 



A consciousness in regards to energy conservation and its 
significance. 

An awareness of "consumer products and their technical operation 
and application. 

Demonstrations of basic technical proficiency skills that apply 
to a range of occupational jobs in Electricity/Electronics. 

The recognition of specific competencies essential for employment 
in a job area and' the formation of realistic occupational goals. 



• • • iNane : ' • v 



Date: 



Ii\FORKlATIO:jAL HA?^DOUT Period: 
ELHCTRJ CI tY/ELECTKONI CS 



Our grandparents would niever'" recogni ze the world in which we live or • 
many p£ the g^gets which are so cpminon to us. Hundreds of electronic 
wonde^T^hich we readily accept in our society were unknown sixty years ^ 
ago, and have become fairiiliar objects only thrdy^J the developiuent .of a^ 
•new. industry that is called electronics. This industry is now one of the 
largest in the ' United States , and a*inajor portion of its research and pro- 
duction plants are located in California. 

■* - * ■ 

^This school has recognized that present technology and consumer deirands offe 
a special opportunity for students'who want occupations which are interest- - 
ing and chal ienging 'and where the chance for advancement and salary are 
imlimited. Th€ electronics field is one in which continuous research is 
always ad<lin/ new products to be made tested, marketed, and operated.^ 
There willbe a steady increase in the number of persons employed in this . 
industry according to statistics developed Isy the State of California. 

The student in Electricity/Electronics studies basi/ ekctrical theory, 
laboratory techniques, use of^ test instruments, care and use of hand tools, 
shop safety, circuits, and construction or project building. The skills whic 
one can develop way be applied to the areas of dommunicat ion , transportation 
computers, research and development , etc, . U the student is deeply inter- 
ested in his/her work, has abilities, arid is willing to study and learn, 
s/he cin progress to an entr y level occupation or to continue furtljer 
technical training . 

.Basically, electronics is a field that is a combination of the study of 
o-ithematics and physical science, and its principles can be understood by 

' VUDRK I 

the individual who is willing to ........ • .wwwrii%. 



• Name : 
Date : 
Pe^od : 



INFORMATIONAL Fi/uNDOUf 
STUDENT QUESTIDNNAIUE 



PLHASli PKINi; 
1,. Name 



t 



Last 



First 



2, Address 



\- - Phone 
Grade in School 



Birth date 



3. Ai,c 

4, Fatiier or CuardiaA~'s name 



Month 



ay 



Last 



Year 
First 



Middle" 



-5, occupation 



6. Mother or Guardian's name 



Last 



First 



Middle 



7. Occupation 

fa. What are your hobbies? 



9. 

to. 




Do you have a job? WhatT^ 

What occupation would you like to follov.'? 



11. What type of education do ydu think is required for this occupation? 



School 



12. Previous shop courses 

A. General Shop ~ 

B. Drafting , . ^. — 

C. Woodwork 

D. Auto Shop i ^ 

E. Metal Shop ■ 

F. Electricity 

13. List machines you have used in school or at home 



/ 

^etter 

Grade level GracJe " 



. Nanie: 



List hand tools you have used In school or at howe 




15. Why are you enrolled in. this class. 




.16» Whor. to contact in case of an accident 



Address 



Phone 



17. School Activities C^hi;^4ic teams, clubs, etc.) 



18. School Attended last year 



List classes taken last year and letter ^ade for last serester 

' Teacher Grade 



Class 



••1-. 

y, 

3. 
4. 
5. 
6. 



20. Class schedule this year, 



^ — i 



Teachfex 



Pvoor 




21^. Counselor 

22. Write a brief autobiagraphy , include where you were born, schools 
attended-, interest, goals etc.. 
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N ame : 
• Date : 
Period': 



ELECTRICITY / ELECTRONICS 



STUDEiiT PERPORMANCE RECORD 



:-4aine of student: 



Last 



First 



Ml 



UNIT , • • 

0, Orientation' 

1. Introduction to the World of Electricity 
11^ Electrical Safety . . 

III. Historical Development of Electricity 
IV. Basic Electrical Skills a 

V. !fa£netism . 
VI. I^jraure of Electricity > 
VII. MefHbds of Producing Electrioit;)^ 
VIII. The Flow^f Electricity Through 
Conductors and Insulators 
*[X. The Electrical^. Team . " . . 

X. The Language ai^d Symbols of Electricity 
XI. Components Switches , and Circuits 
XII. Resistance i and Resistors 
XIII. Electric Lamps and He ating-" Device s' 

XIV.. Electromagnetism' ' 
- XV.\ DC and AC Electricity 
XVI. Motors and Generators 
XVII. Low Voltage Circuit Wiring of Signal 
Devices 

XVIII. Circuit Protection Devices 
XIX. House Wiring 
XX. Introduction to Electronics >1ath 
Fundamentals 
XXI. . Communication Systems _ , 

Xpl. Exploring Occupations in Electricity 
Electronics 

XXIII ^our Future in Electricity and Electronics 



Unsatis 
factory 



- Satis- Excel 



and 



III 



VII 



X 
XI 

XII 

;iii 

XIV 



XXII 
XXIIU 





































































































f 















































(Place this sheet in the front of yo;;r notebook as a title page). 
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School 



Instructor 



2:i 



Name : 

• ; • Date: 

Period: 

' i N FORM ATI ON AL,. H AN DCDT 
STUDENT EVALUATION- SYSTEtS . 



♦ « 



Students are graded as follows each quarter: . 

CITIZENSiilP : ^ . . i 

The Citizenship grade is ^^^er.ined by^^m co ope rati on. work habits, 

clean-up, oral participation, and attendance 4 

This grade may. be lowered as follows: . ^ 

1. UneXfuse-d absences, 

2. Unexcused tardies. 

' 3; Improper attitude or behavior. 

4. Shop rule violations. ' 

LABORATORY AND HOMEWORK: 



The laboratory/homework grade is.based on' the quality and> quantity of the 
^work completed at the end of each quartfer. 

This grade may be lowered as follows: 

I. Quantity and quality below ability. 

\\ /R"erur-dTaSora?orre'xp"Sis. projects. 0. ho.e^^ 

not completed. , ^. 

4. failure to observe safety ' regulations . 

TESTS : ^ % I * - . 

This erade is deter«i4d by averaging quizzes . tests . and final, examnations 

NOTEBOOK : ^ % 

Notebooks «iU be collected -"^ f^f ^^.HTJil^i'lh ^irtfrifls^aSd "a^l^n- 
Sl^„?rcr4le?erbTstrd2n?^rand'^a!LniLe"!;ln"d:d out, b. tbe instructor, 

FINAL GRAUE : ^ 

The final grade is deter»^ned by a collection of grades in the foUcwing 

areas : ' < . 

1. Laboratory and homeworK. 
\ 2, Citizenship/behavior. 

3,. Tests 
' 4. Notebook 

ERIC 24 



r 




TF 



1. 

^ 2. 

3. 

4. 

5. 
* b. 

7. 

b. 

9. 

' 10. 

m. 

12. 

13. 
.14. 

15. 

1&. 

17. 
, 18. 

19.* 

' 20. 
2 1 . 
22. 
23. 
4. 



4 



2S. 
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Ai^SWLU StlUHT 



.Name I 
Date:' 
Heriod: 



UXAM 

T f 

A B C D 




AS CD 



•51. 
52. 
53. 
M. 
5^. 
56. 
57. 
58. 

59. 

60 
61 

62 
63 
64. 
65. 
66. 
67. 

68. 
69. 
70. 
5-1. 
^72. 

73. 

74. 

75. 



*Show work for problems on 



back of answer sheet. 

A 

On 



T F 

A EC D 



76. 1 
77.) 

J 8..] 
79. 
80.: 
81 . 
82. 



8 5. 

U\ 

85," 

86. 

87. 

88. 



89. 
90. 
91. 
92. 
93* 
94. 
' 95 . 

96, 

97. 

98. 

99. 
100. 



-lift— 



ELEGTRICITY / ELECTRONICS 

C CURRICULUM GUIDE ' 
INSTRUCTIONAL MODULE 




STATE OF CALIFORNIA 
DEPARTMENT OF EDUCATION 



WAME____ 
dAtE STARTED. 



DATE COMPLETED. 
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BY 

R. E. LILLO 
N. S. SOFflOTTO 



9r 



5 ,i>TATE ELUCTIUCITY/HlEGTHOraCS CUWUCULUM GUIUli 
^ INSTRUCTOR'S CUIDU TO ACCOMPANY LEVEL M UNIT tfj 

^;riA f%f UnTtr int Toductioii ta. the World of Electricity 
Time Allocation : Several Days (Units 0 and 1 *^ 1 week) 

U nit Coal : . . 

To communicate and infuse .those competencies which will per 
to eViaiuate the basic characteristics of electricity and to ^gpf 
the araoatic role that electricity plays- in our tetl^nici^l secpty 

' Unit Objectives : 

^ The student will j be able to:/ . . 

, / ' . 

1. - describe in general terms, what is electricity and identify 
. several major applications- ' 

• ■ ' ■ ' ■ ' 

2. define tlie terms static and/or dynamie electricity, and indicate 
an appropriate example of each type. 

5. explain and/or justify the ne^d for mastering fundamental theories 
^ • . related to the Electricity/Electronics " fieid , and .verify the 
importance of this field to modem society^ 




Evaluation 



\ 



■ The student will demonstrate his/her competence, in terms of these 
Measurable objectives based- upon individual instructors acceptable^ 
performance criteria, which utilizes a combination of. oral, or written 
testing procedures.. . . 

Instructor References:" , - .* • 

I I ■ 

Basic Electricity . Marcus and Marcus*, Prentice-Hall, Inc., 1974 . . 

^ Chapters:' 1 and 2. < . • 

^- - . > ■■ ' 

Basic Electricity Training Manugq . Ted Pipe, Howard W. Sams Anc*, 1976. 
Chapter: , l\ " , >f 

Introduction to Electricity and Electronics . Or la Loper and Arthur Ahr, . 

Del»ar Publishers, 1973. Chapter; 1. v ' 

Overview : ^ ' . , 

The primary purpose of this unit is' to provide an introduction t>r 
initial exposure into the Electricity/Electronics area of instruction. The 
fcentral theme, however, is to provoke student awareness of th^ nature, 
characteristics, magnitude, and application of electricity. ^^i^i*., 
The unit lisson should concentrate on first describing that electricity 
is still itt many. ways a mystery, although, society has put it to a variety 

° "*Next, a technical presentation explaining the specific principles of 
oth static and dynamic ele-ctricity . ^ i * • 

r Unit 1 should conclude with an emphasis on the importance of electri- 
city and the reasons for its expanding influence and vast mark-et of job 

oppprtunit^s. ^^^^ contain a formal examination as will other, modules , 
EpJc^G^use Pf.the lengtjrTnd nature o£ the siAj^ect matter presented. 
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Sufiiicsted Presftntation liints/Methodolo£y : 

Follow the instructional module unit outiiije as a basic skeleton, 
for. curriculum presentation, howeyef, note the following: 

1. < An important aspect of this lesson would' be to stress that 
static electricity is largely a nuisance, a disturber, and a 
potentially dangerous foe in some instances. A frank discussion 

-about lightning, dts cause, and h^w one can avoid hap should 
be helpful to the student in terms of personal safety. . 

2. Some students are hesitant to admit that they are confused or 
that a concept is not clear to them. The student should be . 
aware that in this class there is no. penalty for admitting 
that they are technically bewildered and in need of further 

Whei^elplaiiing the basic difference between static dynamic^ 
electricity try t.o equate static to electrical charges at rest 
while describing dynamic electricity in relationship to elec- 
trical charges in motion to accomplish^a specific PV^P^ff , . 
It is highly important as they begin their studies m thjs field 
that they realize that technical reading requires a slower pace 
due to the illustrations, schematics , and other graphics that 
must be digested. Recommend to students that when they read 
they concentrate on comprehension rather than reading speed. 



3. 



4. 



Supplemental Activities and Demonstrations : 

This is a sure fire attention grabber if materials are available 
Obtain a static machine or Tesla coil and operate it m a Jja^ner 
to dramaticallv show the affects of static electricity. Ch-eck 
with the science area at your school for possible support 

sSspeid^i' charged balloon from a stand, then bring a rubber 
rod that has been rubbed with cat's fur or flannel near the 
balloon. Observe the reaction and discuss- with your class. 
Repeal^ this demonstration utilizing a ^lass rod rubbed with 

3. Wiih'the class, itemize kll the uses^of electricity that they 
can think of and then list them on the chalkboard P^^J^his 
lis.t discuss the significance o^ this subject field to their 
daily life and the world around them. 
Instructional Module Contents: 




1. Unit Outline (overhead) 

•2. Worksheet - Awareness-ClaSsifying Electrical^ Devices 
3. Quest Activities 




4 

"0 
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Introduction to the World of Electricity 

A. What is Electricity? 

1. " Silent, invisible, and a clean 

form -of energy 

^ . • . • • • 

2. Static or nonfunctional elec-- 
tricity 

3. Dynamic or functional electricity 

B. Why Study Electricity? 

1. Importance to modern society 




2. Applications 

f ' ' X 

3. Expansion of iob opportunities 
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SCORE: 
GRADE : 



Date: 

WORKSliELJ PeriQd: 



-AWARENESS-CLASSIFYINC ELECTRICAL DEVICE^ 



You have probably heard many times that the world would be very different 
without any Electricity/Electronics devices. At home, a television set, 
a radio, aj} electrically controlled stovej' a telephone, ever] a storeo 
systenj may contribute an importance function to our daily lives. 

In this . assignment you will list first, ten essenti^K^electrical devices 
that are very necessary for our daily existance. Ne>it, you will list ten 
luxury electrical devices that may be important, but isf necessary we 
could li#e without. 

Electrical Device Lists 

' '^ NECESSARY LUXURY 



1. \ 1. 

2. " 2. 

' ■ " t 1 11 I !■! III— iM^M. 

3. 3. 



4. 



5. ; 5. 

6.. ' • 

7. • ^.7. 

8. - 8. 

9. 9. 

10. _^ 10. 



Perhaps you found that completing these lists were more difficult than 
you imagined!! Some electrical devices can be both essential and a luxury 
device, depending on their specific use. In either case our lives are 
greatly influenced by the* many devices created through electrical technology 



TECHNOLOGY: 



(From two Greek words) 



^ Techne -..skill " © logos. « word/account ^ 

A technology , then , is a description about how something was made, 
ERIC } 
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SCORE: 
RADII; 



WORKSHEET 

QUEST ACTIVITY 
••UNIT 1" 



Name: 
D^ate: 
Period: 



In your own words write the answers to the following questiens. Be neat 
and make complete sentences wherif necessary, 

1 Make a list of "5" machines br appliances which use electricity and 
that have been receWny-^^^^'^' ^"""^"^ answers m^the squares 

below. 



1 



2 



3 



4 



5 



2. Uesc'ribe- two ways or methods of prochlcirifi a char£e of static electricity 




OR 



3 V/hat is the main difference between static and dynajnic electricity' 



4. What is the name of the great American (1700-1 790)- who proved taat 
lightning and electricity were the same? 



r 





AI^SWER SHEET 
UNIT 1 



ELECTRICAL DEVICES 
(subjective aniwer) 



QUEST ACTIVITY 

1. (subjective answer) 

2. rub a glass rod with silk, 
move a comb througl* vout hair, 
rub a rubber roD witn cat . fur, 
scuff your feet across a wool 
rug, wind rubbing across the 
surface of the earth, etc. 

3. Static electricity is a high voltage 
charge 'With ilo electron movement 
and «aaiinot be controlled. Dynamic, 
electricity has electron movement - 
and cap be controlled to prodQce 
work. 

4. Benjamin Franklin 

5. (subjective answer) 



# 



J 



J 
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ELECTRIGITY / ELECTRONICS 



CURRICULUM GUIDE 
INSTRUCTIONAL MODULE 

■ 0 




D|PARTMENT OF EDUCATION 

^AME^ BY 

DATE STARTED R E. LILLO 

DATE COMPLETED * N. S. SOFFIOTTO 



STATE ELHCTIU CI TY /ELECTRON I CS^XyRRICULUM GUIDE . 
INSTRUCTOR'S CUIDE TO ACCM^W LEVEL II UNIT #2 - 

Title of Unit : Electrical ^Safety 

* r ' , ., 

Time Allocation ; l week 

• • • 

Unit Goal : 

To' inform and instil" student competeiice in safe guardin£ them- 
j selves and to apply this safety attitude tt) their daily life, 

whether in the classroom^ on the job, or at hotae. 

Unit Objectives ; * 
The student will be able to: 

1. identify the three classes or categories of fires, and indicate 
the proper method of extinguishing each. 

f 

2. distinguish between coininon safe laboratory practices and, 

I hazardous conditions, and pass a safety test with 100% ac- 
curacy, based on the information discussed. 

3. explain and apply the proper safe,ty and first aid procedures 
when dealing with an electrical hazard or a serious shock. 

Evaluation : « 

The student will demonstrate his/her competence in^ terms of 
these measurable objectives based upon individual instructors accep- 
table performance criteria which utilizes a combination of written 
or qral testing procedures. 

Instructor Ucfeyences ; 

Basic Electricity; Theory and Practice . Milton Kaufman and J, A. Wilson, 
McGraw-Hi 1 1 Book Co., 1973. Appendix A. * 



ERIC 



Industrial Education 'Safety Guide. Published by the State of California 

Making Safety Work . National Safety Council, McGraw-Hill Book Co., 1976. 
Overview ; 

The unit should be introduced a necessary, yet meaningful * resource 
for all activities. In' order to place "safety" in its proper perspective 
within" the students* mind, stress that safety instruction should begin 
early in childhood and extend continuously throughout life I The .idea that 
accidents or electrical shock are iHiaboidable in this kind of class must be 
discouraged. 

The central safety theme of this unit is promoted by the discussion 
of rules which have been established to assist stu(^ts in>remembering the 
fundamentals of preventing accidents. , * •> 

The next topic of emphasis deals with the nature of electrical shock 
and the first aid procedures to employ if necessary. 

ITiis linit concludes with a brief description of fire prevention and 
fire classifications. The student will also learn about proper extinguish- 
ing techniques to be used, dictated by the type fire encountered. 
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bUfiRCSted Presentation iiints/Methodolofly ; 



Follow the instructional module unit outline as a basic skeleton 
for. curriculum presentation, however, note thel following. 

1. Tiiis unit is often used as the most opportune time to introduce 
both school fire drills or "fcivil dfefense drills. Try to 
* impress students, during these kinds of activities, with the 

idea that disaster preparation is 'the only thing' that really 
saves lives. 

* 2. In the objective^ of this unit is stated that a safety 

examination must be passed* with /1004 accuracy, however, with 
^some students this may be virtually impossible. Allow these 
few the opportunity to retake the test after a study session,, 
'i but do not advertise this make up test at the beginning of the 

safety lesson. Sometimes certain disadvantaged students have 
a very difficult time to comprehend the vast amount, of 
written material handed out, hence they score lower than other 
students on the test, A buddy study system will assist them 
greatly in achieving a successful score. 
3, When describing dangerous current levels and their affect on 
the human body, remember that electrical terms and units of 
measurement may not be familiar to some students at this time, 
thus much of the impact will be lost if this is not considered 
and modified. / 

j Supplemental Activities and Demonstrations ; 

1. Obtain and show a good safety film from regular film sources, 
local industries. National Safety Council, or any other company 

. 'and/or institution which offers such a service. 

2. When explaining the classification of fires, demonstrate the 

\' _ actual procedures necessary to activate the fire extinguisher, 

A blast from a chemical extinguisher while explaining operating 
techniques can stimulate a class instantaneously. 

3. • Jnvite a medical guest speaker to deliver a simple first aid 

presentation to the class. Pr/ior to the class lesson explain 
to the guest specific areas of concentration that will help the 
overall safety program. 

•t ^ 

Instructional Module Contents ; 

1. Unit Outline (overhead) 

2. Pre-Post Test (keyed) 

3. Technical Glossary- 

4. Worksheet (vocabulary) - Spelling Puzzle 

5. Quest Activities , ' ■ „ , n 

6. Informational Handout (Shop Conduct and Procedure Rules) . 

7. • Informational Handout (Classification of Fires and Ext^inguishing 

Techniques) 

8. Informational Handout (Laboratory Safety Procedures) 

9. Informational Handout (Electrical 5hock 
• 10. Unit Module Answer Keys . 
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Electrical Safety 

A* Safety-philosophy and Attitude 



B. Electric Shock 

C. Laboratory Conduct and Procedure 



SsLf ety Rules 



£• *First Aid Procedures 



F. Fire Safety 



G.^ Civil Defense Drills 



.4 . . 
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UNIT EXAM 



ELECTRICAL SAFETY 



IMPORTANT- r 

Indicate your responses on the answer sheet only . Fill in 
the btfx corresponoi^ig to the correct answer to e^ch question 
there is only one v^orrect answer for each question. 
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1, "Horseplay", running, and throwing of objects are dangerous practices 
in the shop and are forbidden: 

(A) when the teacher is looking, (B) only when students are working, 
(C) at all times, (D) occasionally. . . 



2. • When using machines or hand tools: * v 

(A) give the job all your attention, (B) stand up straight, (C) ) 
watch your classmates, (U) watch the clock.* 



1 

3. The floor,^ aisles , and passageways should be kept clear of stock,* 
toojs, and ntateriais. Objects ion 'the floor: 
, (A), m^ay be left there if the operator of the machine is in a hurry, 
(B) may cause someone to slip or trip into a moving machine, (C) way 
* be ignored, (D) are unsightly. 



4. Students must not talk to or distract a person operating a machine 
because : 

(A) the operator is likely to be injured, (B) conversation slows 
down the flow of work, (C) the operator is likely to make a mistafee, 
(D} conviersation is annoying to the operator. 



S. Report to the teacher any: 

(A) damaged tools and eouipment, W missing guards, (C) equipment 
not working properly, (D)' all of the above. 



6, Never operate shop equipment when the teacher is: 

(A) out of the shop, (B) in the shop, (C) both A and B, (D) none 
of the above. 



7, Most tools are designed for a specific use or purpose. If they are 
used incorrectly, the result may be: 

(A) damage to the student's project, (B) breakage of tools, (C) 
'^'Vi injury to the students, (D) damage to the bench tops. 
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8. Long hair is dangerous around shop equipment. If it is lonf. enough 
to get caught in the machine, it must be: 

(A) tifed up and back, (B) burned off, ; (C) pulled out, (D) none of 
the above. 



Loose clothing must be securely fastened or removed and long loose 
sleeves rolled up above the "e Ibows : ' 

(A) before operating any machine, (B) after operating any machine, 
(C) during the operation of a machine^ (CX only when you are assist- 
ing the teacher, ' 



10. All accidents and injuries, no matter hov; slight must be: 

(A) ignored, (B) reported to the principal's secretary immediately, 
(C) reported to your teacher immediately, (D) reported to the shop 
foreman immediately. 



11. Caution other students if you see a violation of shop: 

(A) traffic rujes, (B) good manners, (C) safety rules, (D) none 
of the above. . 



12. Only the operator and are permitted within the working 

area around a machine. 

(A) one other student, (B) the teacher, (C) a helper, (D) all of 
the abovc^ , • ■ ^ 



13. Gasoline; paints, kerosene, and other materials that will bum or 
produce fumes should be used: " 
(A) with another student, (H) in a well ventilated area, CC) at a 
workbench, (D) in an enclosed area. 



14, Students, are to operate only those machines or pieces of equipment 
for which they have received: 

(A) instructions to operate, (B) permission to operate, (C) both 
A and B, (D) none of the above. 



15. When touching electrical switches, plugs, or receptacles be sure . 

your hands are dry because: ' ^ 
r (A) a switch will not operate properly if ytmr hai^ds are wet, (B) 

a plug will easily slip from your fingers if your hands are wet, (C) 

if your hands are wet, you may receiA^e a severe shock and serious 

bums, (D) none of the above. 
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lb. Acid or chemicals on. the hands or face should be immediately-washed 
away with plenty of: 

(A) water, (B) glycerine, (C) olive oil, (D) vaseline. 



17. If you notice any breakage or damage to tools, instruments, or mach- 
inery, you should: 

(A) repair the damage yourself, (B) be careful when using such , 
equipment, (C) say nothing because you mi^ht get the blame, (03 
none of the above. 



18, Screws, nuts, and other nondigestible materials are never to be 
placed in your: 

(A) hand, CB) pocket, (C) mouth, (D) all of the above. 



19. If you are in doubt about the use of any tool or machine, or about 
any shop procedures: ^ 
(A) ask an advanced stu^pnt, for help , (B) proceed cautiously, (C) 
always ask yftur teacher i** (D) none of the above. 



20. Always sweep scraps from your workbench or table with a brush or 
• whisk broom rather than your hand because: . 

(A) sharp or jagged particles may injure your hand, (B) less dust 

is stirred up, (C) this is the easiest way' to clean up, (D) it will 
crause less work for the janitor. v 



21. Eye protection is used to: ' ^ 

(A) improve your vision, CB) prevent eyestrain, (C) prevent flying 
particles or corrosive substances from entering your -eyes , CU) ,noi)Le 
of the above, - ' 



22. When tools are carried in the hands, keep the cutting edge or sljarp , 
points : . 
(A) directed toward the floor, (B) 'directed away from the btdy, 
CC) directed over the head, (D) directed toward the body to protect 
others. 



23. NEVER direct compressed air: ■ > ' ■ 

CAJ toward the floor, (B) toward the teacher,' (C) toward another 
student, • (U) all of the above. , ^ 
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24. Extension and power cords should always be checked and kept in good 
repair because: „ 

(A) breaks and tears in the cord are unsightly, <B) breaks and tears 
in the cord can cause serious shocks or burns, £C) sparks may cause 
wood to burn, (D) a short may cause the machines to bum up. 
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Carb'bn dioxide CCO^) fire extinguishers may be used to piit out what 
types of fires? ^ : ' ' f - . , 

(A3 electrical fires only, (B) wood fires only^, • (C) oil fires only, 
(D) any kind of Tire. , 



Water should never be used to put qwt Vhat kind of fires? 

(A) wpod fires, C^) electrical and oil fires, (G) paper fires, 

(D) none of the above. , 



The proper procedure to figlit a fire with a fire extinguisher is to: 
(A) point the nozzle at the top of the flacie, (B) point the nozzle 
at the middle of -.the flame , (C) cover the area around the fire and , 
keep it f^orir* spreading, (D) point the nozzle at the source of the 
fire because that is where the fire is located, ' 



.In'.case of fire in the shop you should first; ^ 

.(A) run out of the^hop, (b3, throw water it, (C) sound the alarir, 
(D) none of the >b?ve. * '\ ' . ' ^ 



. Li fttng any object that is too hea^yy' for you: » 
(A) is' all right if you do it Slpwly, (15) can be done if you know 
^hc rigKt way to lift,> (C) shooild never be ^done , because it nky ■ 
cause strain or rupture ,„ '(U) is a good , way to show off vour stfength. 

Before the power is tutned onj the teacher must check:. 

(A) the hand tools^ (B) the classroom, (C) all special setups, 

(l>) none of the above. - . . ' 

The tocher MUST approve: 

(A) ail "hprsepla)^" , (U) all projects," (C) ail fighting in the shop, 
(u) none of the ab*ove. 

: . ^ , ■ ; . 1 y , , 

Deliberately shorting an electric circuit: 

(A) is permissible if the voltage is low, (B) may damiage the wires, 
(C) is an easy method to test whether the circuit is closed or open:^ 
(bj may cause an ._explosion or do bodily harm, 

Cutting two' or more "hot" wires with pliers: . - ' 

(A) is s^fe practice if the harfdles of the 'pliers are insulated, 

(B) is permissible if the wires are 18 ga^e , (C) may be done safely 
if you are standing on a wooden floor, (D) none of the above. 
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Shop clean up is the responsibility of: 

(A) the custodian, (B) all the students, (C) the teacher, p)) the 
priffcipal. ' . - 




When a machine makes an unusual sound, it should be: 
(A) oiled, immediately , (B) ignored, (C) reported to the teacher 
inmediateiy , (D) adjusted.. 



Check a. soldering iroa for heat with: 

CA) your face, (B) your hand, (C) a piece of solder, (D) your 
feet.- , . , ■ - •: ' 

, ■■ ' , * ^ . 

To remove excess solder from a soldering iron tip: 

(A) wipe with %cl9th, (B) flip.it off, (C) wash it off, XD) use 

cleaning fluid. /. 



When changing components in an electrical circuit: ^ . 

(A) leave the plug in, (B) pull the plug out, (C) turn the circuit 
.on its side, (,U) turn oi"f the power switch. , 



Hake sure that the hand tools you are going ro use are: 

(A) sharp, (B) tlie proper tool for the job, (C) in good concjition, 

\\)) all of the above. 



If a tool becomes defective while . you, 'ai?e 'usinrg it vou 'should : 

(A> hide it so that no one wilLknow, . (BJ report the condition of 

' the tool to the instructjjx-, CQ place it .hack on the ^tool panel and 

.not say anything (D) repair the tool yourself. 

Be, sure your hands a^re as free as possible of liefore using 

hand tools, 

(A) 'dirt, (B) grease, (C) oiljT (U) all of the above. 



Repairs are to be made on shop' equipment only with: 
(Aj 'the power on, [B) the machine running, (C) the teacher's per- 
mission, (D) none of the above. 



Spilled oil or grease is dangerous, Alwa^ys: 

(A) clean it up, (B). leave it, , (C) pour water on it, (D) none of 
the above. 
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The motion involved in striking or cutting must be done in a direc- 
tion: ' 

(A) towards you, (B) away from you, (C) towards other students, 
Id) all of the alcove.* 



A project is still dangerous even after its pov^fer switch is turned 
off becaiise : 

(A) it may still be plugged in, (S) some -of the components mav be , 
hot, (C) the capacitors can store a charge which can shock you, 
(D) all of the above. ' 



i^iever use a file: • 

(A) without a handle, (B) as a pry bar, (C) as a hammer, (D) all 

of the above. . 

^ ■■./".■ 
Pass tools to classmates: ' 

,(A) with handles first,' (B) with the points first, (C) by throwing 
them, (U) none of the above. 



Before starting a machine, you must: 

(AJ check all adjustments, (B) make sure all. guards work, (C) remove 
ail tools/rags , (D) all. of the above. r 



Before leaving a machine, you must make sure: 

(A) the guards are off, W the power i^ off, (C) "the machine has' 
come to a complete stop, (D) both B and C, 



I did well on this test. 

(A) True, (B) False, ('C) OK,' (D) I blew it. 
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Date : 
Period: 



TLDiNICAL GLOSSARY 



ACCIUliNT: 



An unplanned or unexpected occurance usually resulting 
in injur)'. Most comnon shop accidents can be prevented 
by observing safety rules, working carefully, and using 
common sense , 



ARTIFICIAL 
RESPIRATION: 



CARUlAC ARREST 



ELECTRIC SliOCK 



A life saving procedure usisd to 
stopped breathing. Artificial 
quired as a result of electrica 
ling, etc. 

A loss of heartbeat caused by e 
blood pressure. Closed cardiac 
mended first aid procedure. 

The flow of an electric current 
can cause such physical effects 
paralysis, burns, interruption 
ness, ventricular fibrillation, 



FIRE: 



FIRE 

EXTINGUISHER; 
FIRST AID: 



FLA^f^^ABLE : 



GROUNDING: 



revive a person who has 
respiration may be re- 
1 shock,^rowning, strang- 

lectrical shock, or high 
ijassage is the recom- 



throufth the bodv. Shock 
as muscle twitching or 
of breathing, unconscioiis- 
cardi'ac arrest, or death. 



A combustion process characterized by heat, flame, and 



There are three general classes of fire: Clasi 
involve wood, paper, rubbish, and fabrics; Class 



light. 

A fires , , 

B fires involve oil, grease, gasoline, paints, and sol- 
vents; Class C fiVes involve insulation and other com- 
bustible materials in electrical and electronic equipment 

A portable, sclfcontained device holding a liquid, ofc. - 
chemical which can be sprayed on a *fire to extinguish ^t, 

Emergency treatment for injury, accidents , or sudden ill- 
ness generally administered before regular medical care 
is available. 



A designation for types of materials which 
ignited or- set on fire. Other designation: 



are easily 

gnited or set on nre, utner oesignaLiuiis may bemused 
to identify these materials, such as; combustible or 
inflammable. 



A safety precaution which calls for placing the metal 
housing or case of a device at ground potential to pre- 
vent possible operator shock. Most common.ly, a third 
wire is added to the power cord. This wire is connected 
between the case and earth ground allowing an alternate 
path for current flow. ThusS if the metal housing of a 
device becomes electrically l!hot", current will flow 
through the grounding wire to the earth, instead of 
through the operators body to earth. 
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Name : 



Date : 



HAND TOOLS: 



HAZARD: 

HORSEPLAY : 

INJURY: 

LIVE CIRCUIT: 

MACHINE TOOLS: 



SAFETY GLASSES: 



SAFETY 
PRECAUTION: 

SAFETY RULES: 



VENTRICULAR 
FIBRILLATION 



\ 



Period: 



>s(his term refers to a wide variety of tools which re- 
quire physical manipulation or primarily the use of your 
arms and hand "muscles for their operation and use. ^ 
Examples of typical hand tools would be; screwdrivers, 
wrenches, soldering irons, pliers, >tc,. 

The presence of a dangerous or potentially dangeroiis 
situation. ' 

The undesired, potentially hazardous, activity of clowning 
or playing in the shop or laboratory, • , 

a 

Physical harm or damage to ones body. 

An electrical circuit which is energized, (power applied 
switch on) and capable of, producing current flow. /> 

Generally, power assisted tools utilized for "heavy" jobs 
which require work beyond that supplied by hand tools. 
Examples of machine tools; drill press, grinders, sheet 
metal shears, box and pan break, etc... 

Protective eye glasses with shatter proof lenses and side 
shields. Safety glasses should be worn at all times when 
necessary while working in the shop. They provide inval- 
uable protection by preventing foreign materials Cpieces 
of wire, chips, broken glass, chemicals etc.) from en- 
tering or coming in contact with the eyes. Goggles and 
face shields can be utilized t6 provide additional eye 
protection while working in extremely hazardous areas, 

' « ' 

An action taken, followed or observed, to avoid a possible 
hazard or dangerous situation. 

A specific list' of rules designed to identify common 
accident causing situations and hazards. By observing the 
safety rules many accidents will , be avoided or prevented, 

A type of heart failure, caused by electric shock, in 
which the heart muscle no longer beats in a regular 
fashion but rather quivers erratically. If this condition 
is not corrected rapidly, death will result. 
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Name : 
Date : 
Period : 



VOCABULARY - SPELLING PUZZLE 



Copy the correctly spelled word in the box to the fight as indicated 
in the exantple below, 
A. (sampel) (sample) (sarapal) 



1. (flameable) (flammabel) (flamtnable) 

2. * (extinguisher) (exstinguisher) (estingwisher) 

3. (axsident) (accedent) (accident) 

4. (hasafd) '(hazard) (hazhard) 

0 

m ■ 

5. (safety) (safty) (saftey) ' 

6. (percaution) (precausion) (precaution) 

7. (injery) (injury) (ingery) 

8. (sock) (shoch) (shock) ' ^ . 
y. (first aid) (first aide) ( firstaid) 

/ 10. (fibillati'on) (fibulation) (fibrillation). 

11. (groundin) (grounding) (grovfUding) 

ft 

12, (-resperation) (resperasion) (respiration) 



13. (machine) (mashene) (mechine) 

14. (cercut) (sircut) (circuit) 

15. (horesplay) (horsepl-SyO (horspla) 



A. \ sample' 
1. 



J 



2.C 



^5 



^- L 



5. [ 



8. 



9. 



10. [ 



11. 



12. [ 



13. 
14. [ 



15. [; 
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SCORE: 



GRADE : 




WORKSHEET 
QUEST ACTIVITY, 
"UiNlT 2" 



N arae : 
Date : 
Period: 




Carefully study the ' diagram above, and locate at least 10 safety 
violations. List your findings in the spaces below. If you are a 
true safety sleuth you should be able to find 13 problems. | 



1. 
2. 
3. 
4, 
5. 
6. 
7. 



8. 
9, 

10. 
11. 
12. 
13. 



GREAT JOB ! 
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Date: ' 

Period: 

INFORMATIONAL llANDOUT 
SHOP CONDUCT AND PROCEDURE RULES 

1. Students must be on time daily and each student must be in his/her 
assigned seat before the tardy bell rings. 

2. You are required to have a notebook specifically for this subject at 
your desk each day. It will be collected and graded during the year.' 

3. You must also supply yourself with the necessary materials for class- 
room notes,- paper and a writing tool. . 

■ . . . ' 

4. All handouts and notes will be kept neatly in your notebook, not 
scattered in your locker. 

5. Seats (and lab. station) will be assigned. Do not change your seat 
without consulting your teacher. 

6. Absolutely no horseplay in the shop. Many painfiil accidents occur by 
the careless and thoughtless antics of the so-called "clown." Walk- 
in the shop at all times. Loud talk and unnecessary noise will not be 
tolerated. 



7. No eating, drinking, or gum chewing is allowed in the shop or class- 
room. ^ ^ 



Keep your desk (lab. station) and adjacent floor area clean 



9, Pencils should be sharpened before class. All trash (scratch paper 
etc.) shall be kept at your desk jgnd thrown away after class, onlv. 

W, Throwing anythinj? in the classr^j^^n is absolutely forbidden. , 

11. Turn in ai\ assignments on time. Late assignments will be down graded. 

12. If you finish your work before others, use the extra time const^ructively 
Do not disturb your fellow students. 

* 

13. Poor attendance will hurt your grade, because it is difficult to make 
up missed work, 

14. It is the students responsibility to make up any tests or missed work. 

15. Feel free to ask questions anytime on subject matter which you do 
not understand. 

16. If you must leave the room during class, clear it through the instrucr 
• tor first. 
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Nane : , . 

Date: ' 

- Period: 

1 ' ' ' 

17. Work safely anc^ encourage other students to do the same by setting a 
. good example each day* 

IS. Use only the macliines and tools for, which you have- sat^lsfac tori ly 
passed safety tests. 

19. Repoxt-any injuries or damage to yourself or equipment to the teacher, 

• . ^ 

20. Malicious damage to equipment and parts will not be tolerated. You 
will be required to pay for any damage caused in this manner. 

21. Do not remove any project, or material, from th^ shop ,without the in- 
structors approval, 

♦ 

22^ When the time for clean-up comes, cooperate with tlie foreman and do. 
your fair share to keep the shop clean and attractive. 

23. Students must return to their seats prior to class dismissal at the 
end*of the period. Class will be dismissed only after the shop is 
clean, all tools are. accounted for, and all students are- quiet and in 
their assigned seats. , 



SHOP CONDUCT AND PROCHDURU RULES 

Die shop conduct and procedure rules have been read and explained to me. 
I agree to abide by these rules, and if I have any questions I will ask 
the instructor. 

Students Signature: 



Period: 
Date : 

Instructors initial: 



v.. 
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Name : 
Date : 
Period ; 



INFORMATIONAL HANUOUT 



CLASSIFICATION OF FIRES A.NI) EXTINHUISHINC TECllfilQUKS 

There are three classification catecories for fire. 
Each type of fire requires special extinguishing 
techniques. Use the chart below to distinguish the 
extinguishing techniques-. 




Class "A" ^ ' 

Fires involving combustible material such as wood, 
paper or cloth: to extinguish, coo^ and quench with^ 
pujnp type extinguishers containing water , or soda - 
acid . CO^ (carbon dioxide) extinguishers may also be 
used. 

Class "B" 

Fires involving flammable liquids such as gasoline, 
kerosene, greases, thinners, and finishes: smother 

^the burning fuel. Foam and C02 type extinguishers 

■ may be used, 



Class 



Fires involving electrical equipment; 
ducting type extinguisher such as CO^ 



use a noncon- 
or dry powder, 
and if possible disconnect the source of elept-rical 
energy. 




NOTE: Always point the fire extinguisher nozzle at 
the source of the fire and not at the top of the 
flame. 
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Name: 
Date: 
Period : 



INFORMATIONAL HANDOUT 



LABORATORY SAFETY PROCEDURES 



INTRODUCTION : . ' 

People working in industry know the importance of siafe working habits. 
Safety training programs gre sponsored by unions, management, public 
agencies, and insurance companies. Despite these good efforts, accidents 
annually, cause lost job time, painful injuries, and needless deaths. 

Good safety .habits are learned daily. As you begin your laboratory work 
in electricity, resolve now to learn and practice safe working habits in y 
the laboratory. The choice of your future safety and future laboratory 
'work habits is up to yau. Form safe habits now. 
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Name : 



Date : 



Period: 



GI:?jERAL SAFETY PROCEUURLS ; 

Safe Attitudes . Laboratories are working areas for adults. Tricks, 
g^Bies, and horseplay should be left in the school yard, t 

Safe Environment. Work areas must have proper power, ventilation, and 
light. Aisles should be^pen and clear. Storage areas are to be kept 
clean and secured. The use of temporary extension cords, fans, heaters, 
gas or water connections is discouraged. Maintain a neat and orderly 
work area. ' - . 

First Aid Procedures . Even with good safety practices someone may be 
ini^red. Your Instructor and/or the school nurse are trained in first aid 
procedures, but there are several general rules which you should follow. 

Uon*t panic! Determine if there is any immediate dang/r to the injured 
person. I'iever move an unconscious person without cause. Lay such a per- 
son flat. Keep the person warm to prevent shock. Never try to force . 
liquids on an unconscious person. If the victim is breathing normally, 
keep the person still and comfortable until medical aid arri^s. 

Severe electrical shock or other types of accidents ma5' interrupt breath- 
ing, A procedure such as artificial respiration can be used to stimulate 
the breathing process. Check, for a swallowed tongue before application 
of artificial respiration. This procedure should be administered by a 
trained person if possible, and contipued until medical help arrives. The 
two common methods of artificial respiration are mouth-to-mouth and the 
Schaeffer method. 

All injuries should be reported to the instructor, . Even minor cuts can 
become infected, and the best first aid supplies, nurses, and doctors 
cannot help an unreported injury. 
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Name: 



Date: 



Periqd: 



GENERAL SAFETY RULES: 




Shop Behavior and Safety Practices 




1, Clowning, scuffling, pushing, running, and throwing obje«?ts are danger- 
ous practices in any shop and are forbidden at all times'. ^ 

2, Obey all warning signs»-they are posted for your protection. 



3. Caution any student you' see violating a safety rule. 

4. When using machines or hand tools, give the job at hand all of your 
attention. . t 

5. Wdrk at a speed consistent with safety. "Foolish hurry," such as 
rushing to complete a procedure, is dangerous. 

6. Cooperate with your classmates in the shop cleanup program. 



7v>, Machines must .not bet operated while instructor is out of the room. 



8. t£ equipment is not working properly, shut it off and tell the instruc- 
tor at once, 

m 

9. Report to the t-Qcher all breakage or damage to tools, machinery, or 
equipment, 

10, A student who sees a dangerous situation must report it at once to the 
teacher, » 



11. Eye protection ^must be worn when working in an area where hazardous 
conditions exist, 

12. Face shields or goggles shall be utilized where extra protection is 
required, such as while grinding or working with caustic substances* 

13. Eye glasses must not be used in place of goggles or face shields. 



14. When compressed air is used for cleaning, wear eye protection'. Take 
care to direct chips, shavings, and dust, away from other students, 
NEVER ALLOW TIIE S TREAM OF AIR TO COME I N CO NTACT WITH YOUR BODY. 




Eye Protection 
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Name : 
Date : 
Period: 



15. Wear safe clothing when working in a shop. Fasten or remove loose 
clothing before you operate any machine. Roll long sjeeves, above the 
elbows. Apron fastening should be such that they will break if the 
apron becomes entangled in a machine. 

16. Long, loose locks of hair can eafiily be caught in revolving machinery 
and ripped out causing serious sk;alp laceration. Have your hair cut 

^ short, tied back, or tightly covWed, 

17. Wearing gloves is forbidden when you are working with power driven 
machinery in the^lab, . ; 

18. Remove jewelry- -bracelets , rings, chains, and other accessories that 
are hazardous in shop work. 

19. Sharp, pointed tools or materials are not to be carried in clothing. 
Hold shal;"? pointed edges, down. ' ' 

20. Always wear protective clothing when working with .Chemicals. Rubber 
gloves should be worn when handling chemicals or immersing your hands 
in chemical solutions. 

21. Always wash hands with soap and water after working with materials that 
might be harmful to the skin,. 



8^ 




Housekeeping 



22. Keep your work area clean and orderly. Good housekeeping is part of 
safety, , 

{ 

23. Keep floors, aisles, and passageways clear of materials and equipment, 

24. Keep tools in a safe place. Never leave them where they may cousi 
injury. Put them in tool boxes, trays, cases, or on wall paneis. 



25. S 



tore material neatly and securely and in a place where persons passing 
will not be injured. * 

( ' ■ • " 



26, If water, grease or oil is spilled on the floor, clean it up -immediately 
. . to prevent slipping. 

27, Extension cords shall always lie flat on the floor in such a way that 
students will not trip over them. 

28, Always use a brush to clean off benches, and machines. There may be 
sharp or jagged particles among the scraps, which could cause serious 
injury to the hands, 
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Nane : 
. Date: 



Period J " ^ 



Always keep bench, cabinet drawers, and locker doors close'd. ; 

Keep tools and materials from projecting over /th6 edge of benches, or 
tables whenever possible. 




Approval , 

• * ■ ' 

Students are warned not to use machines until they have been given the 
proper safety instruction, and received permission fron the teacher. 
The student must ask for further instructions if in doubt concerning' 
any operation. 

When in doubt, ask the instructor. Do not depend upon the advice of 
another student. \ 

The shop safety test must be parsed by ^tudents in order to operate 
any power driven machine, / 

Do not operate switches of machines and in^ruments iniless given per- * 
mission to use them by the instructor. 

Ask your instructor to approve all projects you plan to do. . 

Repairs are to be^niade on shop equipment only when j>ermission has been 
given;- Do not tamper with shop eqiiipment. ^ 

All special set-ups in the lab. must be approved before the power 
turned on. • , * ' 



+ 



Injury 



Report all accidents, however slifeht, to the instructor at once. In- 
fection may r^ult -from uncared f$r cuts and scratches. • 

When lifting heavy objects, keep >^our,arms and back as straight as > 
possible, bend your knees , then lift with the powerful muscles in your 
legs. ■ \ 

Do not attempt to lift heavy items alone. Jf there is any doubt in. 
your mind about your ability to' safely lift an object, 'ask for help. 

Screws, nuts, and &ther nondigestibie materials are never to be placed 
in one's mouth , ' . 
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■ . • . ■ . ■ /, 

. ' . . . .■ ■ , ^. . ' ' 

, pate: - 

Period: * " 




42. The location of fire extinguishers, fire exits, and fire driH proce- 
dures shall be known by all students.- 

43. • No'thihg shall be hung on fire extinguishers ^ The area around them' - 

must be kept cleSr so that they may^e reached without delay if a- fire 
were to occur. \ 

44. When pouring flammable liquids, be careful not to spill them, 
.45. Oily or paint-filled rags must be placed in a covered metal container. 

46. Toxic chemicals, ke.rpsene, paints, thinners ,> and other finishes or 
r cleaning isfaterial^s are to bis used in a well ventilated room. They 

are never to be used near an open flame 

47, Never "use water to put out an electrical or oil fire, it will cause the 
fire to spread. - 

48, ^ In case of fire in. the shop: Sound the alarm; FIRE ! ! , turn off all 'gas 
. ' and electricity, put the fire out. 

Hand Tools 

49. Be sure yoxir hands arenas free as possible of" dirt, grease, and oil 
when using 'tools, ' 

S.O, Select the right tool for the job to be done. Use the proper type and 
size hand tool for the job. 

51, Make sure when using a sharp -edged tool to point the edge away from 
yourself and classmates, < * 

. ' ' ' ' ' 

52, When carrying .tools in the hands, keep the cutting edge or point 
directed toward the floor. 

53, Clamp small work on a bench or in a vise when using a haoksaw,*-a screw- 
driver, or when performing delicate .operations. 

54, Ifever use a chisel punch , or 'hammei; with a "mushroomed" head. Chips 
may fly off and injure someone, - " , 

55, Never use a file withdut a hatidle. Be sure tliat the '.handle is properly 
secured to the file. 

56, Pass tools to classmates with the' handles first. 
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ft 
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57, Plastic handled screwdrivers should not be used near an open flame or. 
near. hot soldering irons, 

58, Metal rules should be kept clear of el6ctrical circuits. When in doubt 
use a plastic or wood rule, 

59, All portable electric tools and equi'pment n^ust be disconi^ected when not 
i,n use , 

60, Whei^ disconnecting an electric tool or appliance from* a circuit, remove 
the attachment plug from the receptacle by pulling on the plug handle 
instead of on the cord, 

61, There is a right and a safe method to use all tools. Don't ^Ty to cut 
corners by using incorrect methods. 




Soldering - 

62, Never test the heat of a soldering iron by feeling it with your hands. 
Check the heat of tho* iron with a piece of solder, * 

63, , Always return the iron to its proper holder. - 

64, Always wipe off excessive molten solder. Never flip it off. Molten - 
sqldeT inflicts painful bums. when it comes in contact with the skin.-' 

65, When passing a soldering iron to another student , place it on the^ 
s,oldering iron rest., The other student can then pick up the iron bv 
-the handle. 

/■ ■ ■ ' * 

66, Care must be itaken not to let the soldering iron blm anv electrical 
cord, or circuit wire. 

Machine Tools - ^ 

67, Only the operator may "itart and stop a- machine, and after the machine 
is turned off, s/he should stand by until it h6s stopped running. 

68, All adjustments must be securely fastened before, the power is turned on,, 

69, AH wrenches and other tools must be removed from the machine before 
the power is turned on, 

.70, Keep machine and safety guards in proper position at all times. 

^ 71. ^Pverloading^r forclihg in any manner any hand operated t)r power driv%fi 
machine is darigerbus-,- Use only the material or stock furnished or 
approved by >rour teacher, ' . 
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Name 
Date:. 
Period: 



Keep rags away from machines that are in operation. - 

Make sure everyone is clear of the machine before starting it. 

Have the* instructor check all special set-ups and new operations before 
turning on the machine. • 

Think about your job while operating a machine. It is dangerous to 
talk when you are using power equipment; 

iiave machine at a dead stop» pcjwer off, before cleaning, oilinj: or 
repairing.. Always turn the power off before leaving. a machine. 

Use only electric power tools that are grounded, or that have UL 
approved housings, ^ 





Safety Zones 



Only the opera-tor and teacher are permitted within the defined 
>rorking area around any machine. 

Do not. lean on machines - stand ciedr. 

Disturbing another student while he is working is a dangerous practice. 

Ulectrical ' ■ 

Consider every electric circuit live until proved otherwise. 

Make certain your hands are completely dry before touching electrical 
switches, plugs, or receptacles. 

Remember even 110 volts can be fatal. Approach all jobs with caution, 
and analyze each job before you start. . * 

The location of emergency power switches shal 1 be known bv all students. 

Never allow anyone to turn power on and off for you whi le vou are 
working with instruments. 

Cuttiig two or more, wires at the same time with pli^eH or other tools 
is extremely dangerous and may re s^ijX-in damage to the circuit and tools 
and severe injury to the person itthe pm?er is not turned off. 

Electricity has no respett for ignorance. Do not apply voltage or 

turn on any device until it ha^ been properly checked by the instructor. 



Name : 
Date: 

> 

Period : 



88. Always stand a safe distance from any project when it is turned on 
for the first time. Sparks aml^smoke can be dangerous, 

89. Deliberately shorting any electric circuit or generating device mgv 
damage the equipment, cause an explosion, or do bodily htfrm, 

.. ^ ■ *■ ■ « 

90. Certaih component such as resistors and vacuum tubes get hot while « 
operating. Wait>for them to cool before attempting to remove them. 

91. Do not work around electrical equipment if floors are damp or wet, ' 

92. Do not work on an electrical circuit with the power turned on. 

93. Be sure equipment is in proper working order before using. Fraved 
cords and plugs are a major souree X5f accidents. 

94. Ask for instructions before using any piece of electronic test equip- 
ment. One wrong connection can destroy an instrument and thus deprive 
you and others of its use until repaired. The repairs can be expensive. 

95. Use proper instruments fgr testing circuits. 

90, Before replacing a fuse in any electrical equipment, disconnect the '- 
power source . 

97, When making temporary or permanent connections, carefully avoid leaving- 
open splices or pieces of wire sticking out. Secure all wires properlv. 
Tape or cover the connections. 



LABORATORY SAFETY •PR OCEDUP.ES 
^ ' — 



The laboratory s-afety procedures have been read and explained to me, 
I agree to abide- by these rules, and if I have any questions I will ask 
the instructor, ^ 



Students Signature: 



Period: 
^ Date: 

« 

Instructors Initial: 
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Name : 
Date: 
Period ; 



INFORMATIONAL HANDOUT 
ELECTRICAL SHOCK 



One of the major hazards in the electronics field is protection against 
electrical shock. Shock is caused by the passing of electric current 
through the body. Current flow is related to the voltage applied and there- 
fore the higher the voltage the more serious the shock. Don't however get 
the idea that low voltages do jjbt shock for thev certainly do if the cir- 
cumstances are right, ' ' 

Let's see what can happen when an electric current passes through your 
body.* A number of effects may occur depending upon the circumstances and 
magnitude of the shock, , 



Current Value 



. .001 ampem 




Effect ^ 

Produces a shock than can be felt,' 
(Mild "tingling**, sensation). 



Produces a severe shock, which is 

painfull, and can cause loss of 

muscular control, * (Can't let go 

phenomenon) , - 



1 ampere 



M.E. FRY 



Produces a potentially fatal shock 
which can cause death if 'current 
lasts for a second or more. . 
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Nane : 
Date : 
Period ; 



As you can see, the body is sensitive to relatively small current flows. 
As a comparison, a common 100 watt light bulb draws a current flow of i85 
amperes, far higher than the .1 ampere of current which can cause death. 

OTilE'R EFFECTS OF ELECTRIC SHOCK: ^ 

Muscular Paralysis- • 

BuYns- 

, Cessation of breathing- 
Unconsciousness- . 
Ventricular fibrillation- 
Cardiac arrest- 



All of these effects do not occur with every shock. As stated before, 
conditions vary. What happens to you depends upon several factors: 

(1) The intensity of the current, 

(2) The frequency of the current, 

(3) The path the current follows through the body, 

(4) How long the current passed through the bodv? 

(5) Did you expect to be shocked? 



Keep in mind, that the current flow through your body, not the amount of* 
voltage applied is the determining ' factor in the severity of a shock you 
might receive. The higher the current," the more dangerous the shock. 



1/ 
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CAUTION: Electric shorck can 
be harzardous to your health. 
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SCOUU : 
CUADU : 



TF ^ 
A BCD 



iiXAM LII U2 



Nanc : 
bate: 
Period : 




TF. 
A BC D 
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*Show work for probleos on back oJ' answer sheet • 
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A B C D 



76. 
77. 

7^i. 
7i). 

80. 
81. 
82. 

83." 

84. 

8S. 
d6. 

87. 
88. 
89. 
i>U. 

y2. 

93. 
94. 
95. 
96, 
97. 
98. 
99. 
lOU. 
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ANbWEK kbV 
UNIT 2 



SPELLING PUZZLE 

I, flammable 

2 e X t i n gui sh-e t 

3. accident 

4. hazard 

5. safety 

6. precaution 

7. injury 

8. shock 

9. first aid 

10. fibrillation 

11. " grounding 

12. respiration 

13. machine 

14. circuit 

15. horseplay 

QUEST ACTIVITY 

1. soldering iron is lying 
on its cord. 

2. extension cord is wrapped 
around foot. . 

3. liquid spilled on xhe floor. 

4. the meter, is ready to fall 
off the bench. 

5* the extension cord is hanging 
on the fire extinguisher. 

6. a pair of safety glasses have 
been loft on the floor and 
stepped on, 

7. fumes from the uncovered can 
may ignite. 

8. the extension cord is frayed, 

9. there are foreign objects on 
the bench, 

10. a tool carried in the pocket, 

11. the power for the meter and 
soldering iron is in an 
awkward place and pausing a 
possible overload. 

12. the incandescent lamp is 
exposed. 

13. the wall outlet is the two 
terminal type rather than 
desireable three terminal. 
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ELECTRICITY / ELECTRONICS 

) CURRICULUM GUIDE 
INSTRUCTIONAL MODULE 





STATE OF CALIFORNIA 
DEPi^RTMENT OF EDUCATION 



NAME. 



DATE STARTED 

DATE COMPLETED. 



BY 

R. E. LILLO 
N. S. SOFFIOTTO 
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bTATE ELECHaClTY/hLLCTROiaCS CURRICULUM lIUiDb 
INSTRUCTOR'S CUIDU TO ACCOMPANY LEVEL 11. UNIT * 3 . . 

Title of Unit : Historical Development of Electricity 
Time Allocation ; l week 

Unit Goal ; - ^ I 

To impart basic knowledge and competencies related to the historical 
* development of the Electricity /Electronics fielsd and to assess the 
ii^pact of these developments. : 

Unit Objectives ; 

The student will be able to; 

1. state the word origin of the terms elegtron, electrics, or 
' - . electricity. 

2. identify the most signililcant centuries in reference to electrica,l 
discoveries and their contribution to the overall field- of 
Electricity/Electronics. 

3. select five historical figures described in this unit and explain 
their specific inventipn and/or tlieory which has distinguished 



their life.' 



Evaluation ; 



The student will demonstrate his/her cqmpetence in terms of 
' these measvi^able objectives based upon individual instructors acceptable 
performance criteria, which utilizes a combination of written, oral, and 
.laboratory testing procedures. * , 

Instructor References : 

Ai^tergqan Science and Inventiond P Mitchell Wilson, Bonanza Books, 1960 . All 

B^^ic^Electricity . . Rufus P. Turner, ilolt, Rinehart, and Winston, 1963 . 
V"^ Chapter: 1. 

,Int\ro duct ion to Electronics . Clyde N. ilerrick and Sill R, Deem, Goodyear 
\ l^ublishing Co., iyy3. Chapter; 1, . 

Overvie^i-: 

■ ■ ' 'i ^ , ' 

\ynit 3 is presente-d as a non-technical unit of instruction, however, 
there 'are many basix competencies that the student wi Unacquire through 
their\ unit work. ^ 

the unit should be introduced with a historical description of man's 
first experiences with electrical phenomena. Then brief ly , make - reference 
to Thales's discovery and 'its relationship witli the preseii^t day terminology 
The inktTuctbr will then have to explain that for several' hundred years 
very li(ttle significaht electrical discoveries took place. * 

The unit should continue with a chronology of developments including 
historical figures, inventions and theories. This time frame of develop- 
ments should conclude 'with Va sMrt description of "state of the art" tech- 
nical . (iiscpveries of modern society^. 

Unit . 3 ultimately is concerned in exposing the roots of .this area, 
and giving credit to those v^o have planted the seeds of tecshnblogy, 
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Sufisested Presentation liints/MethodoloRy : 

Foilow the instructional module unit outline as a basic skeleton 
for curriculum presentation, however, note the following: 

1» In "addition to normal classroom activities, have students 

research a specific historical figure and develop a biographical 
sketch of the individuals life. If available use the school 
library, or if this is not practical the students may research 
their report utilizing an encyclopedia, 

2. When introducing this unit .give examples of static electricity, 
then use the chalkboard as "a vehicle to explain the basic 
historical chronology that has occured in this field, Hraw^ 

J a horizontal line on the board, then on the far left hand side 

* place the date 600 B.C. CThales discovery). As historical 

• events took place, record the year and other significant data 
and when the presentation is concluded the student will have a 
calendar whiciiM^l assist in the comprehension of the histor- 
ical sequence wIRechnical developments. 

3, A reliable resource for historical background materials can be 
found in back issues of many electronic magazines, Usu'Slly 
they are ^characterizd'd by several pages of information and 
historical pictures. A brief synopsis of these articles makes a 
wonderfully informative handout for students. 



Supplemental Activities and Uemonstrations ; 

1, Check whatever audio/visual resource system that is available 
for materials that could coordinate with this unit topic. 
Especially be on the look- out for films pertaining to Edison, 
Bell, Faraday, Morse, and Ohm. Many of , these historical film 

V biographies are classics and well worth showing. 

2, To emphasize the technological advancements that have occured. 
Compare and contrast a simple crystal radio to a modern radio. ' 
Then, draw the schematic of a crystal radio on the hoard and in 
general terms explain how it functions. Ask a student to build 
a working model, and if the craftmanship is super, mount the 
unit on a frame to be utilized as a demonstrator for future 
classes. 

3, Check with the local telephone company and find out if they have 
some visuals in reference to the development of the telephone. 

Instructional Module Contents ,: • ' 

1. Unit Outline (overhead) 

2, Pre-Post Test (keyed) 



3. Technical Glossary 

4. Worksheet (vocabulary) - Know Your Defini^tions 

5. Quest Activities \ 

0. Informational Handout (Time Line of Electronics History) 

7. Unit Module Answer Keys 




LII-U3-2 



f?5 



III* Historical Development of Electricity 
A. Word Origin of Electricity 



B, Historical Figures and Inventors 



C. Basic Chronological Development 



LII-U3-3 

EMC ■ ' 



LII-U3 



UNIT EXAM 



Match' the historical individual with his/her discovery or invention 



1. Tl^ales of Miletus 

2. Stephen Gray 

3. ^ Alessandro Volta 

4. Mic\iael Faraday 

5. Georg Simon Ohm 

6. Samuel Morse 

7. Alexander Graham Bell 

8. Thomas Edison 

9. ileinrich Hertz 

10. ^ Guglielrao Marconi 

11. Ur. Lee de Forest 

12. Col. William Slair 



A. E « I,x R 

B. Radar\^ 

C. Batte: 

D. Incandescent lamp 

E. Integrate^ circuit 

F. Static electricity 

G. Audi on tube 

ij . • Telegraph 

I. Electricity can \>e 
transmitted 

J, Produced electro- 
magnetic waves 

K. Telephone 

L . Transistor ' 

M. ' Generator ' 

N, Microprocessor 

0, Wireless 

communication 



2-C 



3.[ 



6. 



7-C 



8.[ 



10 , [] 



11. [ 

12. 



3 



3 



3 



13. John liardeen, Walter 
Brattain, and William 
Shockley 



14. Jack Kilfay 

15. Ted Hoff 



14. 



15. [ 
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Name : 



Date : ' 



Period: ' " , 

■ y " ■' " . ■ ' s 

TECHNICAL GLOSSARY 



A brownish -ye How fossil resin, lliales of Miletus 
Greece, found in 600 B.C., that amber took on a mysteri-ous 
charge if rubbed with cloth or other materials. Today 
we know this phenomenon as static e^lectricity. Interest- 
ingly, the Greek word for amber was "elektron," wnich 
later evolved into the words "electrics" and "elec- ; 
tricity ." ■ 

_A usable or functional flow of electricity. Dynamic 
electricity provides a continuous flow of electrons which 
can be used to do work. 

/ ■ * • • * ^ . ' ■ 

A form of energy, (generated by friction, induction, or ; 
chemical reaction) whose origin is Abased upon th|j «ove- 
ment of free electrons, > 

A term coined by William Gilbert to identify materials 
thaiit behave in a similar manner to Thalcs' ^mber - that 
is, materials that develop a charge when rubbed with 
cloth or other materials. 

The study of electrical action, and especially the study 
and development of devices and circuits (resistors, 
transistor, etc.) that use and control electricity. 

The identification of an important, development or in- 
vention, and showing that development in proper Vdate" 
order (chronology) compared to other inventions. v 

A collection of electrical charges at rest. Static^ 
charges are basically an unusable source of electricity 
for power purposes. y. • • 



Static : c>^t rest 
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SCORl:: 
GRADH: 



WORKSHEET 



Name: 
Date:, 
Period : 



VOCABULARY - KNOW YOUR DEFINITIONS 



Develop a short definition, u^ing your ovm words , -for the* following terms. 
Iri ELECTRICITY: * ' ^ 
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STATIC ELECTRICITY; 



DYNAMIC ELECTRICITY: 






SCORE: 
GRADE: 



WORKSHEET 
QUEST ACTIVITY 
"UNIT 3" 



Name: 
Date : 
Period: 



♦> I 

Develop a short one page biographical sketch for one of the individuals 
identified on the "tiiaeline of electronics history." Use the outline form 
listed below to oi^ganize and simplify your work. Turn in a neat, accuratey 
well worded report. , 



1. 
2. 

3. 
4. 

5. 

V 

6. 



Name.: 
Date : 
Period: 




BIOGRAPHICAL SKETCH 
OF 



9 



Name of historical individual. « 
Year of birth - year of death. 

« 

Important .discoveries or inventions along with date -of , 
discovery. (Ex. Transistor - 1947) 

Location where these discoveries were made;? (city or 
company) 

A short^^aragraph describin^the individuals life history, 

Bibliography (list of references used) tit 1^' of book used , 
author, publisher, year of publication, and page numbers'. 
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Date: 
Peri6d: 



INFORMATIONAL HANDOUT 



TIME LINH OF ELECTRONICS HISTORY 



TitE RECORD BEGINS IN GREECE ; 




600 ii.C,-- 
Amber 



Static 
Electrjcity 



Paper 

SEVERAL HUNDRED YEARS LATER: 



426 A.D.-- 



« ■ • . ■ » 

ThaleSj.a statesman and philosopher discovered 
a curious attractive force between small bits 
of material, and a material called "elektro^n" 
(amber) that had been rubbed with cloth. ^ 
Today we call this phenomenon static lelec- 
tricity. ■ ^- , 



Saint Augustirie distinguishes between elec- 
tricity and magnetism. . 



AiiOUT A THOUSAND Y EARS PASS THEN ; 




1200 A.D.-- Compass first used for navigation by the 
Vikings. The crude device^ consisted of a 
piece of loadstone, placed on a small board, 
■ "floating in a pail of w^ter. 

1600 A.D.— Wii^i am Gilbert, Engflish physician 'to Queen 
Eli-iabeth discovered other materials that- 
possessed simi lar prpperties' as' Thaler el^'kr 
'.tfon mal;erials.% He called these -materials 
i El'ectrjcs . Cilbert developed the electro- 

scope , an instrument ^used-'for detecting an 
electridal charge. Gilbert's work was high-, 
lighted with the 4)Ublic^^tion of the first • 
scientific study> oC4agnetism - "de magnete. 

About 1660 A.d'.-- Otto- Von Guericke in-vented the first -static . 

electric generator - a machine which pr^)duced 
static electricity by friction between a 
rotating sulphur ball and the. body. 



167,5 



A.U.-- Sir Isaac Newton, in England, discovered elec 
trostatic induction. The effect of static 
charges can be felt or transmitted over a 
distance. V 



THE' FTHHTEENTll- CEN-TURY'- AGE OF BASIC DISCOVERIES: 



1729 A.D.-- S"tephen firay distinguishes between conductors 
and insulators.' He al.i^o makes the important 
discovery that electricity can be transmitted. 
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Name : 
, Date : 
Period: 




1733 A, U.-- Charles DuFay shows that thete are two kinds 

of electricity which he called vitreous and 

resinous. Today we know th.es e as positive 
and negative. ; . 

1745- A.D.-- E,r. von Kleist anci Pietcr Van Musschenbroek 
independently developed a device for storing 
electric charges - the "Leyden Jar." The 
Ldyden Jar was the predecessor to the modem 
capacitor. ;^ 

.1746 A.D>-- Gralath ^uilt an electrometer, the first 

instrument far measuring electricity. 

1752 A. D,-- In ^ae^rica, Ben Franklin* performed -his famous 
/ ■ kite experiment to prove electricity and 
lightning are similar. ' 

1785, A,D.-- Charles Coulomb, in France, proved the law 
of inverse squares in connection with elec- 
. tricit)^ and magnetism, 

1786'A,D.-- Luigi Galvani noticed that frog legscoh- 

tracted when touched by wya connected dissi- 
milar metals. This wa? the mqdctst begi-hning 
of the electric batterV, 

1799 A,D.--. Alessandro Volta, an Italian profes.s^jor , 

develops the voltaic pile, the first primary 
. ■ battery. ' \ 

Ttlli NINETUENTll g^NTURY > THE "GOLDEN AGE" OF HLEC:TRICAL INVENTION A.\'n 
DISCOVERY ^ — ^ 

■f 

1820 A.D,-r lians Christian Oersted (Denmark) discovered 

that an electric current deflects a suspended 
magnet. 

Andre Ampere (France) demonstrated electro- 
magnetic reaction. 

1821 A.D.-- England - Michael Faraday causes a .current 
carrying conductor to rotate about a magnetic 
field. This laid the foundation for the 

electric motor. 

, . ...I 

#1825 A.D.-- William Sturgeon (England) made the first 
electromagnet. 
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Name; 
* ( . Date : 
Period : 



-- Georg Simon Ohm discovered that voltflge, 
ci^rrent, and resistance have a certain pre- 
dictable interrelationship. ObiTi*s Law was 
presented - I: • I x R. 

1B31 A,D.-- Joseph Henjy (U.S.A.) and ^!ichael Faraday 
(England) independently discovered the 
phenoiAenon of electromagnetic induction and 
the generation of electricity by magnetisni, 

Faraday constructs a disc dynamo, the first 
electro-mechanical generator. 

-'- Henry discovers self-^lnduction or inductor 
action. , • 

1837 A.D.-- Samuel Morse (U.S.A..;^ invents- the first 
practical telegraph. • 

1839 A. I)..-- Karl Gauss "(Germany) publishes his theory of 
magnetism and forces of attraction. 

, ■ ^ ' . • .. 

1841 A.I),-- Arc lamps first demonstrated in Paris. " 

> » 
1847 A.I).-- George Boole establishes the foundation of 

modern computer operation in his. "mathematical 
logic," Known today as Boolean Algebra. 

. ■ ' ■ 1" ' ■ 
1858 A, I),-- Faraday supervises the installation of 

dynamos used to power arc lights ii*» Ehglish 
lighthouses, . 

1866 A,D,-- Cyrus Field lays the ..first success nij^ trans- 
atlantic telegraph cable. 




1873 A,D,-- James Maxwell (Efigland) publishes his slcien- 
tific 'jpiaper on the theory pf electromagnetic 
radiation. This formed th'i mathenatical 
j foundation for radio waves, ' 

1876 A,D.-- Alexander Graham Bell (U,S,A,) develops the 

first practical telephone, 

■ '^t ' ■ ' 

1879 A,D,-- Thomas A. Edison (0;*S,A.) invents the carbon- 

■f'ilament lamp. First practical incandescent"' 
^> lamp, 

\ • ■ 

^ — Ernest ,W, Vor\ Siemens (Cermany) successfully 

^ demonstrated a three-car electric train, 

1880 A,D,-- Edison installs electric street lighting in 

jN^ York City, 
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"Name : 
Date : 
Period : 



1888 A.D. 



■- Hdison Discovers the Edison Effect, which 
formed the basis for vacuum tube discoveries. 

- Heinrich iicrtz (Ccrmany) verified t}ie" math- 
ematical predictions of Maxwell by producing: 
electromafinetic waves, and thus opening the - 
field of practical radio. 

- lidison patents carbon microphpne. 

- Alternating current first used in America for 
a coniniercial lighting system. 

- Nikola Tesla (U.S.A.) invents the AC induction 
motor, A company named Westinghouse manu- 
factures it. 



1892 A.D.-- General Electric Company formed, 

., « ' 

1896 A. 0,-- Italy - Guglielmo Marconi , sent radio telegrap.h 
messages over a distance of 9 miles, 

J1897 A.D.-- Marconi demonstrates ship„nto-shore wireless* 

- Karl Ferdinand Braun constructs first cathode- 
ray oscilloscope. 

1899 A.D,-- Sound first recorded on magnetic wire. 

1900 A.D,-- William t)uddei discovers that an electric arc - 

can be made to produce continuous osci nations-" j 
Ihis formed the basis for early spark-gap 
transmitters, • 
t 

Prof. Reginald Fessenden first transnits , ' 
speech by wireless. 



1901 A.D, 
1903 A.D. 




First transatlantic wireless message. 

• ■ • 

Dr, i-rnest Alexanderson builds first high- 
frequency alternator at General Electric, 
which produced a l-OO Kiiz wave. 



diode 



1904 A,ir,.-- Prdf, John Fleming patents a two-el-ement 

. thermionic device called the Fleming A'alve 
based upon the Edison Effect. It was used 
to detect ilertzian waves and is known today 
as the diode tube. ' ' 



THE VACUUM TUBE HUA fl905-1948) ; 
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1906 A.D.'-- GeYieral Dunwoody devel^ops the crystal detector 
^ which utilized carborundum to "detect", signals 
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Name-: 



Date: 
Period : 




triode 



--Dr. Lee de Forest (U.S.A.) adds a grid to 
the Fleming Valve producing the audion tube, 
a three element device which laid the founda- 
tion of modern electronics, . T|e audion tube 
is known tod^iy as the triode tube. 



1915 A.U.-- First transatlantic radio telegraphy com- 
munication from tWp United States. 



1917 A.D. 



1920 A.D. 





RADAR 



ERiU 



Geprge Campbell develops the first electrical 
wave filter. Making possible communication 
"channels."*' ^ , 

-- KDKA Pittsburgh - the first broadcast radio 
station begins operation. 

Edwin Armstror^g designs the superheterodyne 
circuit - forerunner to modern radio receivers 

1923 A.U.-- Dr. Vladimir Zworykin patents iconoscope TV 
camera tube. . 

1925 A.D.-- TV demonstrated by John Baird in England. 

1929 A.D.-- Dr. Vladimir Zwor.ykin demonstrates the kine- 
scope, the first "modern" picture tiibe. 

-V Col, W, Blair patent^ first basic r^dar system 

■- Oscilloscope produced by Allen DuN!ont. 

- Karl Jansky discovers radio astronomy. 

- Varian Brothers irinvent the Klystron tube - a 
high po^v'cr microvv'ave' oscillator. 

William Hewlett' and David Packard work to 
produce a diathermy machine for Stanford 
Hospital. 

NBC dem^onstrates 'TV broadcast utilizing the 
new orthicon camera developed by RCA. 

Commercial FM broadcasting began in U.S.A. on 
January 1. ^ • ., ' 

-- Commercial TV authorized by the FCC on July 1, 

-'- First military application of newly developed 
radio-detection device (radar) December 7, at 
Pearl Harbor. 

Magnetic recording tape developed. 

. / ■ /■ : 
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1^30 A.D. 
1931 A.D. 
1933 A.D.- 

1937 A.D.- 

1938 A.D.- 

1939 A.D.- 
1941 A.D.-- 



1942 A.D. 



Name : 
Date : 



Period : 



1944 A.U.-- One of the first digital computers developed, 
by iloward Aiken at Harvard University called 
the automatic-sequence-controlled, calculator 
and was used extensively by the U.S. Navy. . 

-- V-beam radar introduced by MIT's! radiation 
lab, - First practical do-everything radalr. 

1946 A.L).-- RCA introduces the first mass . produced B5'V * 

television; model 630TS - 10 inch picture 
tube, sold for $375, 

liniac computer developed by Lckert and Mauchly 
at the University of Pennsylvania. Di^iital 
programmable ma6hine^ 5000 arithmetic calcu- 
lations per second, weighed 30 tons, contained 
18,000 vacuum tube^, and required iSoKlV of 
power. By todays standard Lniac was compar- 
able to a basic hand held calculator. 

■ * 

-- RCA demonstrates the first "all electronic" 
color TV. 

1947 A.U.-- Bell labs' - December: the first si^'nal ampli- 

fied by a semiconductor crystal is -observed. 
The work of John Bardeen, VJaitel^ Bratt'ain , 
and William Shockley results in the Germanium 
Point-Contact Transistor. 



ERA (1948-1^59) ; 



1948 A.U.-- The transistor is born - the boginhing«of 

modern electronics, 

1949 A.D.-- The recort^ business is shattered; the 78 RPM 

• is 'out. ^ RCA introduces the 45 RPM disc, 
while CBS developed the 33-1/3 format. 

1951 A.D,-- Univac I computer introduced by the Remington- 
Rand Coiippration , - 

1952. A.D,-- RCA experiments with the first all transis- 
torized television set. 

-- Andrew Kay develops the first 'digital volt- 
meter at Non Linear S ystems .C ompany . 

1953 A.D.-- H.J. Zei'gler deveiopes the beam maser - a . . 

device that could amplify microwave signals 
with light. This amplifier was the forerunner 
of the laser. 

■ « 
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Name : 
Date : 
Period: 



modCi] 



Tektronix introduces the concept of plug-in 



es for tes-t. equipment. 



1954 A.p.-- Bell labs perfects a method of growing single 
crystal silicon. This development laid the 
foundation for today's multibil lion-dollar V s 
semiconductor industry. 

Calvin Fuller of Bell l^bs developed the 
process of diffusing impurities into the 
surface, of silicon wafers, paving the way 
for the development of the integrated circuit. 




TRANSISTOR 
RADIO 




Ifite 



Texas Instruments introduces the silicon 

transistor,- 

■ .1 ■ ■ . ■ 

Daryl Chapin, Calvin Fuller, and Gerald 
Pearson at Bell labs develop the solar bat- 
* tery (cell) ,1 

" First application of transistors to consumer 
products. Regency Comppny markets a four- 
transistor radio, 

1955 A.D.-- Tappan introduces the microwave oven foF 

home use. i | j 

Mucan Corporation and Bell labs develop the 
varacator ^diode then known as the voltage- 
« variable capacitor, and used today for elec- 

tronic tuning with no moving parts in TV's 
and radio*». 

1956 A.D,-- Bell and ^iowell introduces the all-electronic 

movie camera. 

-- Bell labs demonstrates the feasibility^ of .the 
TV telephon^. ^ 

-- GE commercialized th^ silicon-control led 
rectifier (SCR) . 

1957 A.D.-- Russia launched Sputnik - the first man made 
orbital satellite. ^ 

-- Burroughs ^ Corporation develops the first gas- 
discharge numerical readout tube - the nixi6. 

U, Gianola of Bell labs developed the plated ' 
wire memory. At IBM, lar^e rotating discs 
were ased for the first time to make a random 
accessNmemory capable of storing up to five ° 
million characters. 
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Silicon Wafsr 



RCAKiiveils a min^aturizeci FM transmitter 
small -^enoiigh to «be swallowed. Today's astro- 
nauts, use modem verfions of these pill trans- 
mitters tip. send-^ysical daita back to earth. 



1958 A.D.-- The first i/itegrated ci 
Jack Kilby at Texas Ins 
circuit contained, s^yer 
resistors, and some cap 
similar sized IC could 
transistors. At about 



deye^loped by | 



rcuit is 

fruWnts. , The crude 
il transistors, a few 
ciiors. Today., a 
jontain .ten thousand 



the same time, at 
Fairchild»s Semiconductor Division Dr* 
Robert Noyce developed a similar type of 
circuit in which all components were inte- 
grated or formed on a single chip, of ^silicon. 

■ 1 - 

GE and Crystalonics introduces commercial 
field effect transistors (FET), 



Stereo phonograph records begin to appear, 
A few radio stations begin to broadcast in 
stereo. >k 



1959 A.D,-- RCA introduces the nuvistor, a thlmblersized, 
vacuum tubff which heralded the last attempts 
of tutfe manufacturers to compete against , 
transistor devices. 



THE INTEGRATED CIRCUIT ERA C1959- ) 



1960 A.D,-- 



Light 



MPLIFICATION BY THE 

Stimulated 
MISSION OF 

1961 A.D,- 

A^^^^ad^at^o^ 



Fe^irchiid develops .the planar process for the 
production of transistors and ICsj This pro- 
cess involves the evaporation of aluminum 
over the circuit to f^vm cojid,uctors . - 

Texas Instruments offers'first IC broduct line 
called the "solid circuit series f** which 
> consisted of simpie logic circuits. 

Bell labs develops the epitaxial process which 
allowed a crystal structure to be grown on a ^ 
substraight or another crystal structure. 
This* technique became the mainstay .of trans- 
istor and IC fabrication. 

Laser devices developed by Hughes, Bell labs, 
Raytheon, and IBM, 



1962 A.D.-- Solid-State laser developed at both GE and IBN 
research, labs , 

-- Signetics introduces diode-\ransistor logic. 
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:« ame : 



Date: 
Period: 




J 



LED 



First light-enittiug diodes (LEDs) developed, 
•although thev w^re not commerci ally available 
until 1968. 

Teles tar conr.unications satellite launched on 
July .10, makitig possible satellite relayed 
communication via telephone and television. 
* : • /■ 

1963 A.D.-- The first commercial mini -computer \^?as 

introduced by Digital Equipment Corporation 
model PDP-5 used a 12 bit format, and con- 
tained IK of memory. It sold for $27,000, 

Syivania introduce^ the first integrated 
circuits utilizing TIL logicj^ designated as 
Sylvania's universal high level logic. 

1964 A.U.-- IBM introduces the'lsystem 360 computer series, 

intended to replace all existing IBM computer 
series . ' \ 

Zenith produces one' of the first ^nsumer 
products which . util izeu integrated circuits, 
a hearing aid. 

« 

-- Texas Instruments introduces the 5400 series 
TTL logic series, 

Fairchild introduces one of the first linear 
rCs - the 702 OP amp, § 




OK 



1966 A.b, 
*1968 A.D. 



3 : 



* 




Dual -inline-package (UIP) first appears. 

- Andrew iiobeck announces the development of 
magnet-bubble devices.. 

- KCA introduces a new IC tcclmology - COS/MOS. 

1969 A.U.-- July 20, Apollo 11 astronauts Armstrong and 
Aldrin land on the moon. The successful 
landing, and return to eartli culminated a 
decade of break-throughs in electronics, 

-. Intel develops the first dynamic ^ HQS random- 
access memory (RAM), a 1025-b'it device. 
Prior to this development, computer memories 
utilized magnetic cores or semiconductors, 

- Mostek and TI show that all the logic for a 
four function calculator' could be put\on a 

"'tingle chip utilizing a technique, known as 
M0S/LS1-. ^ 



1970 A.D. 
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* 

Name : 
Date: 
Period : . 



fslfglfoin 



calculator 



Harris Seir.i conductor introduces the PROM a 
new useV-programmable memory.. 

-- Hamilton intrqduces the "Pulsar an Lilf) 
display wristwatch. Cost $2100. 

, li)?! A.D,-.- Ted Hoff spearheads the development of the 

first microprocessor - Intel's 4004, Shortlv 
thereafter the 8008 CPU chip is introduced. ' 

-- Hand-held calculators ,^ake their debut. 

Simple 4 function unites produced by Hewlett- 
Packard, Sharp, and Texas Ins.truments sold ' 
for $400. 

19 72 A.D.-- Liquid crystal displays offer a nev; technology 
for numerical displays, offering the advan- 
tage of low power consumption, and high 
visability in daylight conditions. 




-- Microma Universal introduces the' first 
commercial liquid crystal display wrist 
watches. Cost $150. 

-- Magnavox markets the first Odyssey TV game 
units. Atari followed with Pong in 19 76. ^ 

1973 A.D.-- In||l up^-ades the 8008 and introduces the 
SOgl. National Semiconductor and Rockwell 
field their own microprocessor designs*,. 

-- I2l (intetrated-injection logic) emerges due 
to the work of'lBM an^d Philips. This new 
circuit technique -ai lows high density, high 
operating speed, aa<5 low t|issipation. The 
first I^L products - a 4-bit microprocessor 
and a watch circuit - were introduced by 
Texas Instruments.. 

Advent ' introduces* "Video Beam" projection TV. 

-- Home video tape recorder systems presented 
by AVCO C^artivision) , Sony (Betamax) , and 
others. . . . 

/ 

-- Microprocessor based liomc computers be};in to""^ 
,appear in the hobby and engineering market. 
The first units were sold in kit form by 
companies s'uch as MITS (Altair) , Sphere, 
, IMSAI , and Southwest Technical Products. 
These first machines were generally 8080 or 
6800 based. The machines became financially 



-4975 A.D, 
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Name : 
Date: 
Period : 




1976 A.D.- 




HOME 
COMPUTER 



feasible due to the cos't effective productic^n 
of LSI chips which dropped the price of the 
original microprocessor chip frora $200- to 
2 0 e ach . . __- 

Ionization and optical smoke detectors intro- , 
duced fpr home use, ' 

■\ ■ ■ ■' ■ 

llie body scanner, an x-ray typ^ machine which 
is capable of analyzing the complete body for 
medical growths , tumors , bone problems, etc. 
is introduced by Cli . 

Breaker-less electronic ignition systems become 
available as orii^inal equipment or add-on 
for. automobiles . t 



1977 A.D,-- 40-channel CB radio approved by the FCG. 

- New generation of home computers etner^e. 
These systems^ are pre-assembled , of'fer 
simplified programming techniques, and are 
comparitively low in cost. The Radio Shack 
TRS-80, Commodore PHT, and Apple il are r 
examples of this new breed. 

- The world*s first optical (fiber-optic) 
communications system to provide regular 
telephone service was placed in operation by 
General Telephone^ Company* This feat culir.i-- 
nated years o-f-'tf^xJi.^Uid^ and 
experimentation witlioptr lLgi — f ^b tf ry s. and 
appropriate light sources, ^ 



1978 A#U»-- New era microprocessor chips based upon 10 . 

*bit words instead of tlie more common 8 bit 
word length promise to deliver 10-times the 
performance of the industry-standard 808U 



chip 
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*Show work for problems on back pi' answer sheet. 



ERIC 



£ii-u3--i9S;> 



V ANSWEil KEY 
UNIT 3 




A. KNOW YOU^^ UEHNIT^QNS' 

« 

- L.r (subjective answer) 

2. (subjective answer) 

3. (subjective answer) 
' . ^* u (subjective answer) 

S, (subjectiye answer) 

- 6, (sujijective answer) 



QUtST X^miTJ . 
(subjective evaluation) ^ 
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. ■ STATE ELECTRICITY/HLEqTRONICS 'CURRICULUM CUIDIi 

'INSTRUCTOR'S CUIDIi TO ACCOMPANY LE\^L II UNIT #4 

. ♦ ■ ■ 

Title of Unit ; Basic Electrical Skills . 
Time 'Allocation ; 4 weeks * 
Unit G<f§il : • ' X c • . 

. To promote basic electrical skills and, interest in electricity by 

conveying those competencies relevant to successful tool usage, 
^ ' \ ' .wiring, and project assembly techniques. 

Unit Objectives; " - ' 

" ■ ^ • . f • . 

• The student will be able to; 

, . 1. describe the function, list safety precautions, and illustrate 

the correct use of each construction tool presented in. this unit,' 

2. identify and deradnstrate. proper soldering techniques and method 
of preparing conductors for electrical utilization. 

, ■ ' • > ' ' # • 

3. suQ^jessfully construct a Wiring Project , and demonstrate their 
competence in following insfructions , tool use, chassis layout, 

^4 soldering, assembly techniques, inspection, and testing, - 

Evaluation ; . • 

The Student will demonstrate his/her competence in terms of these ^ 
measurable objectives based upon individual instructors acceptable 
; 'performance criteria, which utilizes a combinatibn of written, oral, and 
laborat'ory testing 'procedures. 

Instructor Ucferepces : ■ \ 

Electroni<i:s Assembly and^Fabri cation Methods , '§,R, Duarte and R.L , • Duarte , - 
McGrawi'ijiii, bo^^-«5. ^y73, . Chapters; 1, 5, 6, 7, 8, ^, and 10, 

Electronic Techniques . R.S. ; Viy aniicci , A. IV. Avtgis, and-V;,.F, Megow, ' 
~ Prentice-Hall, Tnc, 19 74. Chapters; 3-16. 

Technical ElectrjcitV' and Electronics . . Peter Buban and Marshall L. Schmitt, 
McGraw-Hill Book Co., 1977. OnTts ; 27-31. ♦ 

, V V. ■ _ . 

Overview ; " * • 

' ————— . • , • ■ . • ^ 

Unit 4 will allow the student to develop cbmpetencies that will act as. 
a foundation for future mechanical and electri-cal 'assembly tasks. 

The unit should .be introduced as a valuable resource in pro ject plan- 
ning and construction. The idea of C9n;structing a project should be 
stressed as a necessary "hands orf' experience in* order to facilitate woVking 
. with devices and.processeis , ; 

The oenttaX theme is to present a variety of basic electrical skills 
for the 'students to develop, however ; ^craftmanship is a quality th'^t must 
be emphasized hy the instructor as an ^6n going process that should permeate 
. all levels of activities ► • • . 

Most majot topics in this .unit can 6e presej>ted 'through laboratory 
demonstrations . and the student wiring project^pan assist in evaluating 
♦ student understanding. M ' - ' • 

This utSit has a relatively long time ''allocatioifr yet for the student it 
gD|(^£OcUs*s x)n a. fascinating and nidtiyating asgi*ect of the course. 

„. ' .' ... ■>ii-.U4-i>iS5 ; . " , 



''Follow the instructional' module unit outline as a basic skeleton 
^ for curriculum presentation, however, note the following: 

/ ^- ^ . 

1. When illustrating basic hand tools and describing their function, 
• " an overhead projection can be easily adapted as a means to show * 

. . tool outline or shape. In addition, physically tracing tools 

with color pencils can assist disadvantaged students in learning 
the basic differences in size, shape, etc. 
I, Wjien demonstrating practice? encounte'red in assembly and" 
. /r fabrication, stop and describe large-scale production techniques. 

. Indicate and show some of the jobs which are relatively simple ' 
and require little training, then describe more complicated 
- ' - jobs which require extensive preemployment trai-ning, 

3. \ A prbject for' the student to build is definitely mandatory in 
this unit, but it need not be a one to oho situation, A class 
"assembly line" type project can teach a variety of techniques 

^- I and require less cost to implement. Break the laboratory into 

three work stations; mechanical assembly, electrical assembly, 
and inspection/testing. Allow the students -to perform only 
those skills associated with that' work station, however, rotate 
students if ytou desire to expose them to other competencies, 

4. 'At this educational level it , is wise When instructing students ir ' 
chassis construction or other fabrication techniques to utilize 
metal templates to assist in achieving the most positive results. 

Supplemental Activities and Demonstrations ; . ' 

1. The vocabulary' list presented in this unit is long and cumber- 
some. Spend a good deal of time describing each term and if 
possible demonstrate each tool listed and emphasize safety pre- 
' cautions when appropriate. 

Use discarded. cardboard boxes as a material resource. Layout 
various component positions for project chassis or project front 
\ panel on a sheet of graph paper, then. select the best design and ^ 

cut -a piece of cardboard to actual front panq^ dimensions. Attach 
all pots, switchs, lamps, jacks, meters, etc. where indicated anc 
. again check overall aesthetics. If there is an error in layout oi 
"a special problem in mounting a part this will be worked out on 
, the cardboard model rather than on the original chassis or cab- 
inet. This procedure will assist students in coippleting a pro- 
ject that is not owl^ functional but also a pleasure to view.^ 
Instructional Module Contents : , . 

» 

' * 1. . Unit Outline (overhead) • " 

V . 2. Pre-Pos/t Test (keyed) ^ 

3. Technical Glossary ' * ' 

4. Worksheet (vocabulary) - Tool and Hardware Indenti f ication 

5. Worksheet - Soldering, Splices^ and PC Fabrication 

6. Quest Activities * . " 

7. Informational Handdut (A 4 Step Guide to Soldering) 

8. Informational Handout (Some General Assembly an'd/or Construction 
Hints) - ^ 

91 Informational Handout (Electrical Connections) 
10. Informatipnal Handout (Printed Circuit Board Fabrication) 
-11. Informational Handout (Board Fabrication - Photo^graphic Method) 
12. Unit Module Answer Keys . ' 
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Basic Electrical .Skills 

A. Identification and Proper use'' of 
. Basic Hand Topis / 

B. Spidering 

1. Heat, flux, and solder- 

« \ ' ' 

. ■ ■ \ ' * V. ' 

2. Preparations fo^ soldering 

3. Making a' solder joint 

C. Making Sijnple Conductor Joints 

1. Preparing conductors 

* . . . ■ 

2. Hechanical and electrical 

* • » 

.connections 

3. ; Splices " , • 

4. Soldefless. connectors and 
terminals . 

5. Terminal and socket connecti 

, ■ » 

6. Printed circuit sjcfldering 
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Insulating Conductor Joints 

Wire Types and Gauge Determination 

> ■ . . • 

Assembly Techniques 

!• Harness assembly - , 

2. Component assembly 

* - f * * 

3. Chassi,s hardware and assembly 
Printed Circuit Boar^ Fabrications 

• ■ ■ t • , ■ • 

Proper 0se of Power Tools and 
Stationary Equipment . 
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L11-U4 UNIT EXAM 




^ ' BASIC HUCTRICAL SKILLS 

.. . • ' 

Indicate your responses on tlie answer sheet only Fill in 
the box Corresponding, to the correct, answer to each qu6stion - 
there is only one correct answer for each question. 

1. Wire, strippers are used to reniove'the conductor from wires'. (T-P) 

*'* ■ . • t 

2, A^stranded wire is less flexible than a solid wire of the same 
gau^^. - (T-FJ ; _^ 



3. Side-cutting; pliers are sometime^ called linenan pliers. (T-F) 



4, A handpunch or chassis punch is used to make round holes in 
sheetmetai^ CT-F) - , - ^ • - . 



5,. The. preferred spider to use in electronic projegt^^iQorlBt ruction is 
,0U/4U rosin-c'bre solder, (T-Fj 

0, ^ A dull-colored solder joint, on a PC board, is acceptable as Icni 
as enouiih solder is- used, (T-F) ,- ■ • . 



7, A wire being soldered to a lu£ is usually first loose ly-f<fstened 
* to the lug to hold^ it in pliSace. (T-F) \ 

* ' ' ' 

) 8, / Cpnductor^'. or traces on a printed circuit board rften cross or over 
lap.^ (T-rj ^ - * ' ; . • 



9, Brillini, hcyJes in sheetmetal can be ' a dan^erous^per^ion . ■ (,T-F) 



10.' A chassis forms the base upon whicira circuit is assembled or 
mounted.' (t-f}, • 



Diagonal-cutting pliers are designed for ^^ripping wires. (T-F) 



Pre-tinned hook-up wire is coated with a thin layer of tin to pre- 
vent the copper conductor from, oxidizing, (TrF) 



Long-nose pliers are designed primarily for holding and bending snail 
gauge wires. (T-F) ' , , 



Do not move or handle a newly soldered wire until the solder has 
solidified sufficiently^ (T-F) 

(' ■ . . - ■ * 

i ' .A # . 

" ■ ' I ■ « 

The process of removing unwanted copper from ^ printejd-circuit 
board, using a,^ chemical solution, is called etching. (T-F) • 



A 24 gauge wire has a larger diameter th^n a No. 12 American Wire i 
Gauge wire, (T-F) *. . , - 



Magnet wire is most often insulated ji^ith a coating of enamel cr ■ 
lacquer. (T-F) 

r « 

The job of renibving solder from a terminal or PC joint is done with 
an unsoldering; tool, (T-p) 



Sheetmetal can be. cut with tin snips ,' aviation snips or the Hex and 
pan brake. (T-F) • ' 



A phillips head screw can be driven by either a standard blade 
screwdriver, or a Phillips screwdriver. (T-F) 




The process of coating a'wire, terminal, or soldering iron tip with 
a thin layer of solder is cailp^d ^ 



Solder use-d for electronic work, is usually in wire form and contains 
one or' more cares of v ' - 

* - • ^ - . • *- • 

^ „ * ' - LII-U4-6 ■ . ' 



The joining together (twisting) of two or more wires to forip a 
,pernianant connection is called a ' 



When soldering components which are sensitive to excessive heat a 
tool called a should be used. 

An important step in PC fabrication is to thoroughly L^^^ 

board to remove dirt and grease. 



/ 



\ 



/ 
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Name: 
Date : 
Pferiod : 



THCHNICAL GLOSSARY 



AUJUSTAaiE 
WRENCH: 



ASSliMaLY : 



AVIATION SNIPS 



BAlL-PbE.N 
HAMMER: 



30X AiNlJ PA.N 
iJRAKH : 



CAiiLE TIES: 
CEiiTEK PUix'Cil; 

QiASSIS: 
Ql/tSSIS PUNCH 



COMPONENT: 



CONDUCTOR 
JOINTS: 



DESOLDERING 
TOOL: • 



An open-end style wrench with adjustable jaw size. 
This type o£ wrench is designed with one stationary jaw, 
and an adjustable jaw operated by a thumb screw. This 
feature allows one wrench to be used on many different 
nut or bolt sizes. ' 

The fitting together of parts, utilizing tools and 
necessary equipment, to form a complete unit or device, 

Sheetmetal cutting shears which have a compound lever 
action which reduces cutting effort. 

A general purpose metal working hammer with one flat 
face for hammering and a rounded or "ball'.' head for 
rounding off rivets, 

I 

A heavy duty sheetmetal tool with adjustable fingers 
used to make inside and outside bends from about 180** 
to AO", 

Small nylon belts or straps, with a self-locking buckle* 
used to bind or liarness wires together, 

A metal punch with a sharp bO" point. The center punch 
is used to mark the location of a hole that is to be 
drilled and thus eliminate drill "wandering," 

A metal box or fraire upon which ma jor components <nr sub- 
circuits ard mounted and wired, 

A sheetmetal punch designed for punching round holes in 
a range of sizes from 1/2" to 3", . The punch halves are 
drawn* together .with a machine screw. Chassis punches 
are also available in square, keyed, and half round 
Jtyles. ^ . 

A general term describing an electrical part or parts. 
For example; basic electrical parts such as resistors, 
capacitors, diodes, and transistors, can be identified 
as components, 

A method for connecting or securing two or more .wires 
together, A satisfactory conductor joint must be 1) 
mechanically secure - wires tightly twisted together, 
2) electrically secure - the connection must freely pass 
current, and 3) covered with an approved insulation, 

A .device used to remove molten solder from a wire or 
connection. Most desoldering toojs draw the molten 
solder from the connection with a vacuum or suction 
force, ^ • 
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DIAGOi>iAL--CUTTING 
PUERS: 



. DRIllL PRESS: 



ELECTRIGAt 
COxVNECTIQN: 



ELECTRICAL TAPE 



ETQIINQ^ 



FILE: 



FLUX : 



GAUGE : 

HACKSAW: 
HAND PUNCH: 



HARDWARE: 



HARNESS: 



HEAT SINK: 



Pliers used for cutting soft metal wire. Two popular 
'term^ used for-- identifying these pliers are diagonals 
and dykes. 

A motorized tool used for drilling or boring holes in 
h piece of s^ck. Drill. bits are held securely in the 
chuck, and fed into the work with the feed handle. , 

Provides a connection that will conduct electricity as 
efficiently as a continuous wire. good electrical 
•connection requires that the wires b^ absolutely clean 
arid that they.be twisted together to achieve good con- 
tact, many times solder is added to the joint tp achieve 
good electrical contact. 

* 

A black vinyl insulating tape used to cover exposed 
conductor joints. 

The process of chemically removing the excoss cbppier 
from, a circuit board. The more common etching solutions 
are ammonium persulfate or ferric chloride. 

A tool used mainly to smooth the e^ges of sheetmetal , 

and to do small amounts of cutting, shaping and fitting *x 

of metal parts. . 

A chemical used to remove oxygen during the soldering 
process and to clean the copper surface of slight oxi- , 
.dation. Flux aids in making a good solder joint, c For 
electrical work use only rosin flux, which is avaiWrie - 
as a paste, or as a core in the solder itself. - 

A standard method for sizing wires. Gauge sizes are 
given as numbers, such as 2 4 gauge or 24g. The lower 
the number, the larger th^ diameter of the wire. 



A hand saw used for cutting metaj-. 
the forward motion only. 



The hacksaw cuts bn 



A sheetmetal hole punch used for punching small round 
holes up to approximately 1/2" in diameter. The tool 
uses a collection of punch and die sets which are mounteci 
Cone size at a time) in a handle/frame -unit. 

Items designed to provide physical or electrical support 
for projects. Physical support hardware includes items 
.like screws, bolts, clamps, nuts, and spacers, while 
els'ctrical support items include switches, lamps, sockets, 
fuses and terminals, . 

Individual wires tied together into a neat bundle and 
routed through the project as a grBup; A harness typi- 
cally has wires leaving the bundle at various ^^ations . 

A small' rtietal lie tool used to draw heat iway /from a. 
component pr connection during the soldering. ^process . 
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HI: AT SHRINKABLli 
TUiilNfi.: . 



INSULATION: 



LACING: , . 



LONC-NOSE 
PLIi^RS: 



MAGNET IVIREi 



ME,CUANI-CAL 
COIvTNECTIQN: 

4 

NUT DRIVER: 



OPEN -END WRENCH: 



PORTABLE 
ELECTRIC- DRILL: 

PRINTED CII^^T 
30ARD: 



RESIST: 



SCREWDRIVER: 



SIDE CUTTER 
PLIERS: 

■ \ 

SLIP JOINT 
PLIERS: 



1^ ifisulating tubing which is slipped over -a connection 
or joint. When the tubing is heated, with a heat gun, 
match', ,or soldeTing iron, it "wiir shrink and form tightly 
around the coni^ection. ' . * 

A material placed around a conductor, connection, or 
joint to prevent a short circuit or -^n accidental shocfc. 

,•■ ■ V ■ - '' ' ■ ' 

The -process of making' a series of special ties with a > 
piece of lacing cord along the iength of a cable, 

. , . ' ' ■ , ' ' "' ■ 

Pliers used ^primarily foij handling small objects and for 
bending and 'shaping wii;es. Most long nose pliers also 
incorporate' a^cut.ting jaw for cutting small gauge \<ires. 

Wire used in mak-ing coils ip .^nductors, Small t^ans- 
formers, relays, etc. The wire is usuaU)^ insUlrfted , 
with- a clear coat of enamel or varnish. 

The process of attaching wires s;|o terminals, or another . . 
wire," by twisting o'r bending then in such a way that the. 
connection remains secure eVen though it is not ^olde'red^ 

■ ' ' '* ■ ■ . • • . ■'■ 

A tool designed to rapidly 'install or remove nuts. The ' 
tool resembles a sotket wrench attached to a screwdriveir 
handle , ^ " " . \ .■ ■ \' ' 

A general purpose wrench >hich has an open jaw, of ; • 
different^ size ,■ at either end of the tool. \ 

A hand-held power tool use«J for boring holes in various ; 
materi?ils. The tool utilizes a cHvick to hold the drill 
bit and generally has a trigger stylTsj switch a§. a control. 

.Consists of metal, foil conductors, usually copper, bonded 
to a substrate^or base material. The base material , 
supports ;the components which, are loaded into holes 
drilled in the board, iind soldered to tlie conducting foil. 
Foil traces^ serve as the interconnecting wi-res ^or-the 

'^CX-»©4^it . ^ ' ' . , ■ l; 

A material used in printed circuit board fabrication to 
cover or coat the areas which are to be save*d on the 
copper-clad board. T^e resist will* form « "^pattern 
similar to the pattern of the completed prinfed circuit 
board traces. . . • , j * 

... . ^ ^ ■ 

A to'ol which allows you to produce a twisting; mot.ion 
to 'tighten or loosen screws. The two common tip types 
are slotted or standarti ^nd t|hil lips -head* ^ « ' 

Side* xutteif pliqrs or lineman plicjrs are heavy duty/ 
pliers Used for gripping and cutting large gauge wires. 

A common type of piier de^signed for holding o,r grippii^g^ 
work. ■ The slip joint permi«ts the j aws to be. openficj • 
wider. 
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Si 



SOLDER; 



SOLDER JOINT: 



^ SOLDERINP IROfi;^ 



SOLDERtESS^ 
CONNECTOR:, 

■ 'J* 



SOLID WIRE: 



^SQUARING- SHEAR; 



STRANDED hMRE • - 



TAPPERED riAlviU 
REAMER: 



TINNING 



} 



TIN SNIPS: 
TRACE: 



Ail alloy of tin and lead which is melted into, an elec- 
trical connection to increase conducti^ty, improve 
mechanical strength and to protect; against oxidation. 
Solder used for ele'ctrical work is generally designated 
as rosifi'core. ^ That is: 60% tin and 401 lead 

with a central core of rosin. This tyj^e of ^sojde.r has 
a melting point of 310* F, g0od mechanical strength, 
and" solidifies rapidly. 

The process of cleaning, heating, and properly applying 
solder to a connection, splice, or joint. • 

■ . > . " - ' 

A tool, with a hfeated tip, used to transfer heat to a 
^connection for soldering. The style of iron used fpr 
general electronic work- is called a "pencil" iron and 
has ;a tati^ig between 25 and 40 watts'. 

Also designated as solderlfess terminals or crimp connec- 
tors , these devices ;do not require soldering, rather, the 
wire is inserted into a ixig, and the lug "is squeezed, 
with, a special tool, to make the electrical Connection. 

■ (' « . ■ ' 

A style of wire that consists of *on,ly one solid condu^tot, 
usually' surrounded by insulation. 



A method for connect^'ing two or more. wires together. 

Tap splice, rat-tail splice, or Western Union splice. 



Ex. 



■ T\VIST-ON 
' XONNECTOR: 
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A piece of statiionary equipment used for cutjting, trim-.4_. 
ming, a?»d"^quaring sheet'metal. The cutting bladex is 
operated either by ^a foot , treadle or le'ver *!i)irtdle^ 

A type of wire 'which consists of many §t rands" o^ fine 
wire twisted"M;^gether. The twisted conductors are then 
'covered with' at?*-ift§ula-ting material; "Stranded wire is 
morfe flexible than solid style wire of ^the same gauge'. 

X "T" shaped too i .used t<3 slightly enlarge the size of 
'a hole 'drilled in metal or sheetnietal. ' ' 

The process of cleanings and coating .with sW^der^ Tinning., 
is u^ua^ly thought of' -in connection witly 'preparing the 
heated tip of a soldering iron,, but wires, terrinals),'' 
jprinted ci-^cuit hoards, and co'mpdnent leads are often * 
.tinned • in,, preparation fo'^ making an electrical 'connectioh 

A scissors^ ^ike\ tool used for. cuttin^g sheetjnet al . 

Copp^r**foil patterns Hhich are left*, on /a printed circuit 
board. These foil ' traces" act as the - intercSnnectxifg '\ 
wires between the complbhents . . 

A type '6 f insulated^ sol-d'erless connector used for making 
rat-^tail joints- To use a tWi^t-on' b<mnector , tlirearti . 
it onto a pair of bare conductors whiSi are held parallel . 
to' each other. The conductor will twist' and hold the 
conductors fi,r5ily together, . . . v ' 
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TWIST DRILL: 
VISE: 



WIRE STRIPPERS: 



A style of drill bit roade o£ carbcin stee-l, and used for 
drilling holes in metals. The ttrtst drill is used in Con'- 
junction with a drill -press or portable electrical drill.' 

A tool used to securely hold woT?r pieces whilq drilling, 
cutting, soldering, etc.. The most common, stvle of vise, 
is called a bench vise, although many specialty vises. 
are;available for electronics work. ' . * ^ 

A common tool used to laemove the iiisulaticn from a V 
conductor or wire. - ' " 




Soldering Station 



GRADES 



( 



WORKSHEET 



Dat« : £ 

Period: * 



VOCABULARY - TOOL AND HARDWARE I DENTIFI CATION 
Identify the i teas pictured be If w« Use cosplete nases. 



1. 




3/ 



9. 
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4. 
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3.( 




^•1 

6. . 




8. 




Name: 
* Date : 



Pefiod: 




SCORE: 

• * 

GRADE : 



r. 



WORKSHEET 



Nane : 
Date : 
Pexiod : 



' SOLDEF^fNG, SPLICES, AND PC FABRICATION ' 

!• I4entify the three important reasons for soldering an electrical 
connection: • 
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2. Make a list of the steps that should be followed in paking a cood' . 
solder connection. Explain each step where necessary. 



3. Draw a neat sketcJr of the following types of wire sp.lices. 



Rat-Tail 
Spli<;e 




Tap Splice 



Period: 



* * 

» 


* 






f 


V 



Western Union 
Splice 




Describe the method or technique used in the laboratory for applying 
resist nwiterial to a PC board.. Be specific,* f 



'1 










1 

Apply 
Resist 
Material 






> 












^ , , , - ■ 









Explsfin the procedure and precautions to be followed while etching 
a PC board. Safety 

Procedure • Precautions 




ioi 

1 t T 



N # 



SCORE: 
GRADE: 



Nace : 



; 4. 



PURPOSE : 





Date: 






WORKSHEET 


Period: 






QUEST ACTIVITY 

• / • 


< 










/ 

/ 





The project you are about to begin has 'a defiaite purpose. As you 
proceed through the assembly propess you will gain important experi- 
ence in chassis fabrication, hand tool usage, soldering, .point to 
point wiring, and cable harnessing/ layout. Keep in mind; your aim i 
to work carefully and produce a quality product. ^ 



s 



PARTS LIST: 



Item t 


Quantity 


1 


1 


. 2 


... ^ ' ' ■ 


3 


' 2 


- 4 


1 


• 5' . . 


• 5 


6 ' 


5 



TBi . TB2 



Description 



Inv. Ck,^ 



Metal chassis 

S'^x6", 26 guage 
Socket , 7 or 9 pin 

nin. tube 
Tenn. strip. 5 LUC 
Term, strip. 3 LUG 
Mach. screw 4-40x3/8 
Nuts, 4-40x3/16 



Cost 



WIrInG aiART: 



FROM 


TO 


Vl-1 , 


Vl-5 


Vl-2 


Vl-4 


Vlf-l fs) 


TBl-D- 


•Progress. 


check 


VI -i. (S) 


TB«1-E 


Vl-3 (S) 


■ TBl-A ■ 


VI -4 (S) 


' TBl-B 


Vl-5 CS) 


TB2-E 


VI -6 (S), 


TB2-3 


Vl-7 (S) 


Ti2-A 


TBl-A 


TB2-E 


TBl-A (S) 


TBl-C (S) 


TBl-B'(S) 


TBl-E 



TBl-D (S-) TB2-A 
TBl-E (S^ TB2-B 

♦ 

TB2-A (S) ' TB.2-Q 
•Progress Check 
TB2-B CS) TB2-D 
TBZ't (S3 
TB2-D (S) 
TB2-E (S) 
Tfr3-A (S) 
TB3-C (S). 



TB^3-B CS) 
TB3-A 
TB5-C 
LEAD* 
-LEAD 



LEAD* - 4" Red lead for positive battery 
connection. 

-LEAD - 4" black lead, for negative battery 
connection. > ,' ^ 



Ch assi s Cons iruct ion • > . V ^ • - / ^ ^ ' ' * 

- 1, Using tJie dimensions* from the 'ch^^sis , layout diagram, (or a layout 
template) and a scriber, nat'k ybur met-^^ for the location of fold 
lines and holes . * ^ ^ , / 

If you use a template: Be sure the template is 'positioned with' the 
correct side up . . ^ [ ■ • - 

fv ' . ■ ' ^ ■ - . ■ ■ - ' \ ' 
. , or the machine screws and tube 

■ socket . ■ ' ■ 

Holes labeled "X" are 1/8" diameter - use 1/8" punch. Holes labeled 
"2" are 1/4" diameter - use 1/4" punch. i 

. - - - 

If you mark the center of each hole with a center. punch, it will be 
very easy to accurately locate the holes. 

3. Using the 5/8" chassis punch, enlarge the 1/4" hole to .5/8". 

4. Using the'box and pan brake, bend the two sides- of the metal chassis. 

' ' ' * . . ■ , • ■■* ■ 

Align the bend lines, marked on your metal, with the edge of the 
fingers on the brake, and make a 90 degree bend. 

» . ■ 

5. ' Mount the tube socket and terminal strips on the chassis using the 

machine screws and nuts. Be sure the nuts are on the back side of 
th<5 chassis. 

See the attached drawii^gs for location of parts. . . . 

6. Us^ing masking tape, label the terminal strips .and tube socket. .Vumber 
the tube pins and letter the lugs on the terminal strips* 

' ' . •Progress Check . 



GENERAL WIRING INSTRl^CTipHS ^ ' 

i . 'I . 

1. Check off each item on the wiring table as you complete that step, 

•- ■ 

2. Use your own j-udgment for best layout^or routing of t^e wires. 

3. Spider all k^nnections. "(S)" after a location on the wiring table 
indicates tha^ ail the wires on that terminal should be soldered. Do 
not solder any wires until an'"(S}" appears. 

4. Lace or tie the wire bundle.. 

5. Tin the wire before connecting it to the terminal. 

6. When making a wire connection, loop the ire around the terminal only 
once . ' 

_ : LH-U4-19 10.'? 



\ ■' 
\ 



Nane: 
Date: 
Period: 



PARTS PLA^MHNT; 



6 7 

o_o 

so 
^ OO 1 

■ 3- 2 f . 
, VI 




TBI 



TB3 



p2 



ABC 



o o o 



A 


o 


Q 
O 


o 




o 




u 


E 


o 


f 

A* 


o 


B 


0 


C 


0 


U 


o 


E 


o 



NOTE: may be a 7 or 9 pin tube socket. 
aiASSJS LAYOUT: 



.11 



3/4" k"X 1/16'>| 



7r> 
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piinch to fit either- 7 or. 9 pin socket. 
' LII-U4-2Q * ^ 



Date*: 
Period: 



THEORY OF OPERATION: 



The circuit consists of a 4 branch parallel circuit, ' When wired 
correctly the supply voltage will appear at the tube sockcl terminals 
in proper polarity as shown below. 



PROjfiCT TESTING: 




NtgatW* 



Positiv* 



Potential will 
appear at pins 
ly3,S , and 7. 

Potential will 
appear at pwi^ 
2^4, and 6.^^ 



Connect the project leads (red and black) to the appropriate DC power 
supply (ap'prox. 6 VDC) red lead to the positive terminal, and, 
black lead to the negative terminal. Plug the L.E.,D. testing fixture; ' 

If the project 
power supply 
^s does not light» 
proceed to "troubleshooting," 




TRQUbLESHOOTING : 

Don't difipair, problems are usually minimal and easily solved. Use 
the following outline to help you in finding your problem, 

I,' Look .for any bridges or shorts caused by solder, or crossing 
' bare wires,' Check: 

A, Tube socket terminals 

B, Terminal strip lugs v 

C, ViVre to wire shorts (insulation melted) . 
Wire .connected to the wrong terminal* 
Extra wires* 



II 
III 



*Use the wiring chart to recheck wire connection points 



CONSTRUCTION TECHNIQUES : 

V 

Knot . 



Tinning , 



Solder 




Add a square 
knot on top. 
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Wire Connection 



One turrt only. 
LII-U4.21 




(Heat wire - 
apply solder) 



Soldering Iron 



Date: 
Period: 



INFORMATIONAL HAT^DOUT 



A 4 STEP; GUIDE TX) ^LDERING 



jtlTRODUCTION i What is SQldering? : 

•■ ■ ■ • ■ . . ' . * ■ ■ • 

In .all Electricity/Electroftics work, high quality soldering* connections 
are important. Soldering is a process that allows the joining together, 
both mechanically and electrically, of netal objects -(wires, component 
leads, etc.) through the use of a material called solder and a heating 
dcjdce described as a soldering iron; 



SKILL 




SQldering Iron 



■J 




Soldering^Process 

Many, times soldering is required to make sure that an electrical- copnectidn 
will last for a long time. Proper solderiiig vill also , 



Prevent c&ritosion 



Add strength 



o 
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% Date : ■ 

^ " Period: ' ■ ' , . . 

Selecting Soldering Tools and Nfateyials : 

' Always use the correct tools and isateriais to accomplish the' task ; and 
remeraber, proper use of stools and materials will increase your skill 
and the quality of your work. Check the following list when preparinc 
solder. ^ r *- «. 



to 



Safety glasses 

Proper wattage (heat) solderine iron ai^d tip 
Rosm core solder - 60/40 
Solder aid 

Solder remover tool/braid 
Damp sponge 
Misc. hand tools 
Bench vice 



Soldering Procedures ; . 

Proper soldering technique requires the learning of a skill, and the 
best way to learn a skill is to practice . Study the list below of 
procedures that you should follow each tine it is necessary td solder. 



*^ Ob tain tools and materials 



Plug iron in and cl#an tip 



Tin the'^tip 



Prepare parts to be soldered 



>Iake njechanical connection 



Protect heat sensitive, parts 



Apply solder 



Don/t move parts 



Visual check 





Inspection; 

Check your work immediately upon completion to avoid making a poor 
soldering connection. Poor connections are generally caused'by "three" 
specific problems. However, you can -fix each of these problems by 
applying the remedies on the next page, . 
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, " (SOLDERING ERROR) • 

t ■ - 

^ ^ Not enough solder uised 

# Too nuch solder used - 



Improper heat application 




(RE^^EDV) 



■ ^ 



App^^yf•^mo^e solder 
.Remove excess and re flow 



1^6he4 1 -an d remove so 1 dij j , 
then riBf low ^ 



t Pesoldering Process ; 



Sometime yon will have to rfemove s61dered wires or .parts frpm a qhassi-s or 
printed circiiit J>oard| to do this tjie components mus^t first he desdlderfe^. 
Oesolderihg is basically the reverse action of the sdldering process. 
Study the list below of j^rdcedures that you should foll^S^ eacfv time you . . 
desolder; 



Obtain tools ^d materials 



Plug iron in and clean tip 



Tin the tip 



Keep tip damp with sponge ^ 



Grasp wire orlea^^ 



■'J -t. V 



Apply heat 



Apply pressure/ use solder 

removing tool 



Rewovc part 



Visual check/clean up 





I. 



@When "resting" a soldering iron always, use a soidiferin^ iron holcier or 

Stand. ' ; ^' ■ ■ ; > ' 

© Always' hold a sfoldering iron by. its handle and when reaching for it v 
be alert, and never acci-dently grab the "hot" tip, \ ; 

(5)Do not splash Kot solder around by shakin'lg the^'iron when solderiri]g oT 
desoldering." i-^ ' . ' _ ^ 
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^ F*eriod: 



V " INFORHAnONAL UANiK)8Ti 

<- -SOME JGENER4I, ASSEMBtY AND/OR CONSTRUCTION HIMTS 




Withp»tr a doubt the fastest, easiest, and most 
enjoyable way to develop practical electronic 
skills is by building a project o? kit, ^asic 

\ 8$sembly and/or. construction hints have beea 
giyen -in this handout to assist you 'in becomin^g 

. a \"supe?r" €ail4e*r, .Use these -suggestions when ' 
ev^r possible. ' • ' ' . . 



. z'^^' ■ . ^"^ ■ ■ -'• ■ ■■ 

#Se cure wires and leads sj^, they ar6 positioned neatly ffnd 
Chassis Wit'ing' l.ay flat against chassis ^ v ' 

'• ' *■ or ' - . \\ . , ' .. v/ ■ * ■';v ' ■' 

HaiM ^hfiring #Cut component wires to proper length before installing. - . 

•use insuiating'tta)ing\spaghett*i) on all wires that may ' 
touch each other, or coul'4 touch the.xhass^is , 

PWrap wire around the terniinal before sc^deringk Mere.Iy 
inserting the wire through the hole or slot ^.dae^ not Iftake 
n.^- . a satisfactory connection. ' ■ 

. 'WAs a general rule, when preparing nook up Wire tor connection 

* V 3/4" of tne insUlatioji should be reinoVed fro|!ife em}; 

\ . •in. order to avbid breaking internal connections when stripping 
^ . « insulation from the leads of components i h«ld the le^d with 

'^'-^ * pliers while it is being stripped, . . 

' ," ' • - ^ " * . ' / ■•"■>..- 

^The leads on components are .usually longcfr than needed to . 
ccjBiplete the 'connection. Trim the lead for proper length 
before making the- connection for solderilig, , As a rule, a . 
,-■ lead should be jiis-t long enough to complete the connection. ' 

^ . ^ •if the wire is stranded,' make sure to twist the individual 

strand?;. tightly and tin^before iitserting them into the 
terminal , • 

' ' , ' . • . i • ' - ' ' - . 

• components should be placed in a manner that .allows their 
, * A^alue to be -read witho-ut moving the part around.. - 

•Cut off any excess component lead or wire from terminals 
after they have beeij mechanically secured. , , 



ERIC 



.Name : 
Date: 
Period: 



I^C Component 
Moimjtins 



In wiring or soldering to printed-ci'rcuit boards, make /cprtain 
there are no solder tails crossing over from one printed 
electrical path of copper to another. 

Avoi,d overheating the printed circuit v copper. A soldering 
pencil or small iron (approximately 30 watts) is id6al, for* 
use in circuit board work, ^ 

Uolqs that have been drilled on a PC board should be slightly, 
larger .than wire or component lead to be utilized, 

■ . ■ - ' 

components should lye positioned flush' against the circuit 
board when possible. 

Insert components or wire to stick out, if possible, about 
1/16 to 3/32 of an inch on copper side then bend flat and. 
solder. Watch out, don't use to much heat when soldering! 

A simple procedure, that improves the overall looks 'of your 
PC board, is to position all resistors *so their coded value 
can easily be read in a glance from left 19 right", • 



DETAIL VIEW OF COMPONENT MOUNTING ON PC BOARD 



\ . 



i. BEND LEADS 




2. INSERT LEAD$ 
THROUGil PROPER HOLES 
FROM NONCOPPER SIDE OF 
iPRINTED* CIRCUIT BOARD 



3. POSITION COMPONENT 
NEXT TO PRINTED CIRCUIT 
BOARD AND BEND LEADS 
TO HOLD IN PLACE 



4'. PROPER 
PLACEMENT 




,—iuQ 



/ A \7 



Remember, s'afety is of prime concern during all aspects of the building 
. process, GOOD^LUCK! . 



0 
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Date 



Petiod: 




INFORMATIONAL IIAN POUT 
. ELECTRIC'AL COLLECTIONS 



Electrical conne<;tiiV)ns and electrical circuits must ■ 
be reliable, an4 part of this reliability requires* 
the individual who is wiring and soldering to be 
skillful. Use these sh«ets to help you inaister some 
basic wiring techniques, but remember it takes a ^reat 
deal, of practice to lea«n a skill, so lets get startedl 



Note, making hand-formed wire connections are called splices, the thre« 
most comiaonly used are as follows: RatrTail, Tap or Tee, and the Western 
UniOn . - • . ' 



< Common \ * . - , . 

Splices/ ^ - ' " > - 

Rat-Tail: • ' " ' 

This splice is generally usedi where wires are to be joined together. - The. * 
Rat-Tail joint is conanonly placed or used in an electrical' junction box, 
like the ones in your home. This splice should be soldered and taped, 
or a solderless connector (wire nut) used, before the box cover is replaced. 
Note, if wire sizes below AWG 14 are used the splice can no iol^ger be 
formed by hand. Use pliers for twisting and be carefull not to damage 'th6 
wires. Follow the examples below when' making this splice. t - 



} 




6 Twists ' 




then solder and tape 



Tap or Tee; 



This 

The 

one 
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splice is also used primarily in home electrical wiring <;ircuits. 
Tap splice is used when you want to connect a branch conductor to ' 
wire that "runs through" a junction box. The advantage of this splice 
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Name : 



/ Date: 
Period : 



IS that the main wire is not cut, just stripped where the brancji wire is 
joined. This splice should be soldered and taped, before thi? box cover 
IS replaced. Follow the examples givenwhen making this splice. 



Branch Wire 



B. 



Main Wire 

p 5^«or 6 Turns 





Together 



then solder and tape 



Western Union: 



> This splice is the strongest of the three presented here and the most 
interesting one to make. It is used for splicing a broken/cut wire iTi-a 
long wire or to extend f wire a few more feet if it is short. This splice 
should be sold^rerrf^nd taped when completed. This splice has a unique 
-piece of .histoid attached to its name. When the Western Union Telegraph 
■Company, had problems with breaks in telegraphic wires their workers would 
use this splice "to repair the wire. 




B 




3 / 

Turns 



then solder and tape' 



<3oldeTlfss \ 
Connectors / 



ERIC 



Wire Nuts : 

Solderless , 
up to< size 
on variety. 



connectors or wire nuts can be used generally splice wires 
#6 AWG. The most common solderless c'onnectorsare the twist- 
This electrical hardware item is handy when ohe does not 
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I 



, it 



■■■I 



r^ame : 
' Date : 
Period : 



have the opiiort unity to sofder or when th^e need of a quick yet- stronii 

Bccha^icai electrica]! connection is necessary. Follow the example below 
when using t|iis kin d| of connector. - - ' 



Wire Nut 



•1' 




Solderless Terihinal Lug s: 

Solderless or dximp ^ype- terminals are used sometimes in proj'ects a^ a 
raeansi to provide a strortg metai-to-jnetal bond (terminal-to-wire) witho 



the use of the soldering process. Two common types are generally used, 
they are the Fork and Ring tongue styles. 



hout 




Fork Tongue 



Ring Tongue 

The style selected depends on your specific use, and to connect either one 
to wire requires a crimping tool. Check the example below for proper 
instalation. technique. 



St^ep Step Step 
1 2 3 



9 

less n 



SolcferlL _ 
Terrainal,.,,«»y * 

Wire I 




Step 3 utilizes this kind 
of crimping tool 
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Crimp 
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Name: 

Date:. 
. Peri6d: 



* INFORMATIONAL HANDOUT 



PRII^TED XIRCOIT BOARD FABRICATIO.^ 



Cut boird to size« 



Cltan the botrd^ 



NOTES^:^s> 



Transfer circuit 
pattern onto the hoerA 



NOTES: 



Apply reiiftt aeterial. 



Peint on nail 
poiieht laqtiert or 
reiist paint. 



V 



NOTES: 



liy doim dry transfer 
p^attemf and burnish 



Use PC t^ Bn6 
^ donuts, press 
doim fir»ly and 
burnish ♦ 



Draw over pattern 
wllh resist pen* 



Etch the board. 



NOTES: 



Revove resist sateriai 



NOTES: 



Clean PC board with 
ateel woot« 



NOTES: 



Drill out lead 
and sotmting holes 
as necessary. 



NOTES i 
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Naee: 
Date: 

INPaRMATIONAL llANQOUT Period; 



PRINTED CIRCUIT 90ARD FABRICATION ^ PHOTOCRAPHIC mi\iOV 



1 fiO^pSt 



DMign th* artwork. 



Pliotograph tftwoil' 
(trftntptrency) 


f# NEGATIVE 






r NOTES: . * 


u 










POSITIVE. 






• ■ • * 



Cut bcKird to size. 



HOTESs 



Thoroughly t^ein 
board and dry« 



NOTES: 



Coat board nith 
photosansi^ivf rasiat« 



Bal;e the board 



NOTES: 



Expose board 
to U.V.iight. 



NOTES: 



Dvvalop the boards 



NOTES; 



Rinse and post bake. 



NOTES: 



Etch the boar4« 



NOTES; 



itoMva resist Mterial 



Clean PC board 
with steel wool. 
-V 



Brush 



Spray 



Dip 



Spin 



NOTES : 



Drill out lead and 
Muntlng boles as 
it necessary. 





\ ■. 



I ♦ 



PKOJECT EVAtUATION. SHE£ 



Project 





Ntne: 
Date : 

Period: 

0 



. — H 

. . 1 


t 

.'1 " 


• 


■'A 




t 



Construction bates 



To 




FINI^rU (paint 
labeling, etc.) 



ASSEMBLY (tech- 
niques and qua! 
ity) . 



LAYOUT AND 
DIMENSIONS 



TOOL USAGE 

UtSIGN^ (foWT 
function) 



MATERIALS USED 
to BEST ADVAN- 
TAGE 



G(X)D USE OF nm 



WORK UABITS 



PROJECT REPQKT 



COMMENTS 



ERIC 



V 



\ 



* 



/ 



He 



• 



SCORii:. 
GUAUE: 



9. 
10. 
11. 
. 12. 
13. 
14. 
15. 
lb. 

18. 
U9. 

21. 
22. 
23. 
2.4. 
25. 



ERIC 



tinning 



UXAM LI I U4 



T F 
AB C D 



Name : 
■ Date: 
y Period:-; 

T F 

A B C D 



rosin f^lua 



conductor j oint/ 
fpjliy 



heat sink 
I 1 [ 



32. 

33. 

34. 

I- 

35. 
.37. 
38. 
59. 
40. 
41. 
42. 

43. 
44. 
45. 
40. 
47. 
48. 
49. 
50. 

























































































































■ . 
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51. 
52. 

53. 
54. 
55. 
56. 
57. 
58. 

59. 

r 

60. 
61. 

62. 

64. 
65. 
66; 
67, 
68. 
69. 
7fl. 

71. 
72. 
73. 
74. 
75. 

















t 


• 




















































f 




























t 
1 














1 



























































































76. 
77. 

7«. 
79. 
' 80. 
81. 
92. 
83. 

84. 

85. 
86. 
87. 
88. 
89. 
90. 
91. 
92.* 
93. 
94. 
95. 
96. 
97. 
98. 
99. 
100. 



*^how work for problens on back of answor sheet. 
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ANSWER KfeY 
- UNIT 4 

A; TOOL AiMU HARDWARE IDENTIFICATION 

I« file 

2. center punch ' \ 

" 3. electri.c hand drill / 

4<, hAck saw 

" S. PMlli'ps head screwdriver 

6. long nose plier 

7# wire stripper 

8. diagonal plier.' 

9. drill bit 

10, ball peen hasuner 

11^ . bench vise 

. 12. drill press . . 

13. adjustable wrend\ . 

14. ' Greenlee chassispunch 

15. shear , * ^ 
16i slip joint plier*^ 

17; lineman's plier or electrician's 
plier 

18. nut driver. 

19. standard screwdriver " 

20. " soldering iron \ 
, 21. open end wrench 

22. box pan brake, 

- 23. reapjer * 

24. printed circuit/ board 

25. chassis^ i ■ ^ 

26. . wire tie . ' " 

27. Whitiie/ hand punch " 

28. •desoldering tool - 

29. solder 

/ .30. solderless or criop type 

31. stranded ifire ' 

32. heat sink - - 

33. wire nut, 

34. metal shear - 

B. SOLDERING, SPLICES, AiWD PC 
FAa RI CATION . 

(subjective evaluation} 



C. QUEST ACTIVITV 

(subjective evaluation) 
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ELECTRICITY y ELECTRONICS 



CURRICULUM GUIDE 
INSTRUCTIONAL MODULE 




STATE OF CALIFORNIA 
DEPARTMENT OF EDUCATION"' 



DATE STABTPD _ ' R. E. LILLO 

DATE COMPLETED N. S. SOFFIOTTO 



STATU ELLCTPaCITY/tLECTRONICS CUBi^CULUM GUIDU 
INSTRUCTOR'S GUIDl: TO ACCOMPANY Ml?EL II UNIT #S 



Title of Unit : Nasnetisn ' 
Time Allocation ; 2 neeks ' 



■ * 



Unit Goal : ' 

— - ■' ■ *■ ' ' , ■ ■ • ■ " 

•■ . ■ ' ■ , 

To broaden and impart greater srlidentv coupe ten ce in teyms of 

evaluating t1ie effects- and ■influence magnetism has on bur lives, 1 

. and te discover the inseparable relationship t<> electricity that 

it enjoys^ ' . t 

Unit Object ives : ' ' ' 

i . ^ 

The studen^jwill be able to: v . . 

1. state the properties of nagnetlsa and list teln electrical or 

electronic devices which utilize magnetism in jone form or another, 

.2. identify the characteristics of magnetic Jines of flux, and 
when g^ven a magnet with the pole polarity labeled, indicate 
the direction of the lines of flux, both-internal and external. 
' . ^ ■ .;' ■ ■ . - 

3. explain the basic laws of magnetism related, to the poles of a 
magnet,- and describe the earth's magnetism in reference te its 
geographical poles, ' 
Evaluation : 

The student will demonstrate his/her competence in terns of these 
measurable objectives based upon individual instructors acceptable per- 
formance criteria, which may utilize a combination of writteni oral and 
laboratory testing procedure. v* 

, . ■ * . ■ / ' . ". 

- ■ ■ ■ . «, * • 

Instructor References : 

Electricity and Electronics . Howard Gerrish and William Dugger, Goodheart- 
will cox Co., Cliapter: 4 



Industrial Arts Electricity . Clifford Lush and Glenn Engle; Chas. A. 
Bennett CO. y ly/l. Chapter: 2. 

In't!roduction to Electricity . Kurt Harding Schick, NfcGraw-Hill Ryerson 
Limited, 1975. Chapter: 2. , ■ , 

Overview: 

— , . _ 

Note, in this unit several important fundamental competencies 8*e 
presented as a foundation for several other unit^:Within this level, and 
for succeeding units in more advanced levels. ■ 

Most students can identify some of the basic properties of magnets 
through their own personal experiences, hence the subject matter is not 
foreign an^d quite easy to introduce. 

Stress the vast influence that this topic has on the lives of each of 
us, and theii trace the hiitorical background of this topic prior to the 

technical presentation. r 

The next topic of emphasis should be the basic laws of magnetic attrac 

tion and repulsion, and while instructing in this area a discussion in 

reference tjO the earth's magnetism would be appropriate. 

A variety 6f exercises and laboratory experiments and/or projects 

should be coordinated with all unit topics when feasible. 
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auRRCsteu t^resehtation iUnts/MethoUolofiy ; 

Follow the instructional module unit outline as a basic skeleton 
foT curriculun presentation, i\pwever, note the following: 



1. When demonstrating magnetic lines- or flux with a magnet and 




2, To obtain. inexpensive magnets for classroom demonstrations, 
consider government surplus stores as a priT?e vendor. Usifally, 
this kind of merchandise can be- purchased at a rate far below ' 
that of commercial distributors i If it is more convenient, 
locate a livestock supply hpuse or. a dairy person, who utilizes 

-bar magnets for their cattle's protection. Make a point to ask 
them for any discarded magnets. Note, cows are some times given 
a small bar magnet to swallow in order to protect their inner ^ 
Stomaches from foreign objects which have been accidentlv con- 
sumed. 

3, When discussing temporary magnets and their Characteristics, 
many instructors will describe electromagnets as the major sub- 
category. Many electromagnets can and should he demonstrated ' 
al^ng with*inexpensive devices such a<; relavs , electric bel Is , 
and solenoids. 



:ti^KTe 



Supplemental Acti^KTes and Demonstrations : 

1, x If a limited budget necessitates simplistic- laboratory experi- 

ences, .then a natural for this unit would be to have students 
build a simple electric motor kit. This i:ind of -notor is 
generally designed for beginning kit builders and sold complete 
with a manual that includes information regarding the How and 
Why of its operation; ■ . 

2. -When demonstrating magnetic principles; place a magnet or magnets 
on the stage,, plate of an overheail projecto^ and then cover with 
a clear plastic sheet. Using a shaker, sprtLnkft some iron 
filings on top of the sheet and discuss thk patter-n crea|:ed. 
This can also provide an opportune time ^.xs discuss iragnet polar- 
ity and the basic law of magnetism. 

* * > ' 

^ ^Instruction al Module Contents: ' 
■ 11.1-1,11 - - 1 1 ■ . I. , 

1. Unit Outline (overhead) * 

2. Pre-Post Test (keyed) 

3. Technical Glossary 

or ' 

4. Worksheet (vocabulary) - Word Decoding 
* 5. Quest Activities 

6. Informational Handout (Classification of Magnets) 

7. Informational Handout (Magnetism and Magrtetic Fields) 



8, Unit. Module Answer Keys 



ERIC 
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Maghet iam ' ; - 
A • Ifegnet ic' Force : ' . 

f ' ^ ^ * . , ' * ^ ' 

B. Early <Use'.of MaLgnets' 

, ■ ■. • ■ . ' 

' ■ ■ ■ ■ V ' 

C. Types of Bfegnets' * T 

D. Lines and Fields of Magnet^^^^l^ 

1. ^ Basic Jaw of magietisra ' 

2. The polesVof t 

E. Earth^s Magnetism 

F. Compass Usage 

G. Magnetic and Nonmagnetic Materials 

H. Magnetism and How it* is Related to 
Electricity" 

\. Uses in daily life \ \ ' - 

I. Magnetizing and Demagnetizing 

. • • • v" ' . 
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, '■• • ^. r ; ■ '. ■■. Test Nuabe^ ' 

i^S' ■ • ■ /. i ■■■ UNIT EXAM ^ ' 

, MAGNETISM * '\ 

IMPORTANT- 

Indicate your responses on the answer sheet only . Fill in . 
the box corresponding to the correct answer to each question • 
there is only one correct answer for each question. 

. ■' . ' ■ • '■ ;.-.•,'* ^ » 

1. Copper, aluninum, and steel are magnetic materials.' (T-F) 



-2, ' A permanent aagnet is one that cannot be destroyed or weakened, (T-F) 

■ ■ • ■ ■. ■ . .® ' : ■ • 

3.* It is never necessary or desirable to demagnetize a matierial or * 
, object. (T-F) . ' ^ • 



4. Alnico is a natural magnet, (T-F) 

i 

«... 

5. ^Hiost metalic materials exhibit magnetic properties. *(iT-F) 

noved apart, the magnetic force of attractioi 

or repulsion decreases 



b. As magnetic poles are moved apart, the magnetic force of attraction 

. CT-F)' ■ 



7. 



Heating, striking, or placing a magnet within an^altemating current 
^fieid will increase its magnetic strength, (t-if^ 



8* Magnetic flux lines ."flow" , or extend from the i\-pole to the S-pole. 
(T-H) . , . . 



9. The earth's magnetic field is sihnilar to the field developer] by 
bar magnet. tX-FJ • 



a 



10* ITie needle of a compass points toward the earths geographic north 
pole. (T-F) 



11., Surrounding each magnet iist . - 

rnV^ ' * negative charge, CQ) a current,, (C)*a voltage, (D) a magnetic 



A aagnet wHich keeps its magnetisn for oni/ a short time is: 
(A) a penaahent aagnet, (BJ made of soft iron, (C) a temporary 
aagnet* (U) both B* and C. 

• . . . • * 
/ m'&gnetic field is thought to be made up of: 

(A) N or S poles, (B) orbiting electrons, (C) flux lines, (D) gla 



The basic law of magnetism states: 

(A) unlike poles repel, (B) like poles repel, < (C) two south poles 
attract, (4)) like poles attract, 

■ ' '■■ . ■ . ' \ ' ' ■ ■ ■ ' • ■ \ y '■• 

As you move- away from the poles of a sagnet, the density of the flux 
lines i ' 

(A) decreases, (B) increases, (C) is vmchanged, (D) may increase pr 
decrease depending upon the ma^et. ' ■ 



In the process of magnetizing a piece of steel, the magnetic 
. > within the material aire aligned in one direction. 

Which of the following is not a permanent magnet material'? 
CA) steel, Ca) soft iron, CC) alnico, (D) iron/cobalt. 



Which pole of a magnet has the most magnetic strength?' • 

(A) N-poie, (B) S-pole, (C) both poles have equal strength, (U) 

will vary from one magnet to the next. 



Which of the following operates by magnetism or magnetic force? 

(A) electric motor, (a) electric buzzer, (C) solenoid, (D) all of 

the above. 



Other than-magnetic stroking, a steel bar caij be magnfetizc'd by: 
(A) -placing it within an AC fiel.d, (B) striking it, (C) heating, 
it, (D) placing it within a DC field. , 



The point of a magnet, where the magnetic force is most concentrated 
is called a . ' 



A north magnetic pole will attract a magnetic 'pole 



The first pcraanent nagnets were composed of an iron ore called 
or I odes tone. 



Materials xMat are attracted to a nagnet, or exhibit nagn^tic 
characteristics are called oatcrials. " 



Electronagnets are actually a type of magnet. 




f 



Date: 
Period: 



THCiiNICAL GLOSSARY 



ATTRACT: 



BASIC im 

HAGiNETISM: 

COMPASS: 

■* 

FERkOMAiSNHTIC 
MATERIAL-: 



FLl^X LINES: 



GEOGRAPHIC 
POLE: 

KEEPER: 
.MAGNET: * 

MAGNETIC FlELIi: 

MAGNETIC NORTH 
POLE: 



MAGNETIC POLE: 



MAGNETIC SfIiELD 



MAGNETISM: 



MAGNETITE: 



ERIC 



The process of drawing or pulling toward ,an object. For 
example; a magnet will attract a piece of soft iron. ^ 

A law that explains the interaction of magnetic fields, 
The law states: Like poles repel and unlike poles attract 

A device which utilizes the earth *s i3)agnetic field, and 
a pivoted magnet needle to indicate direction. 

A classification for materials Which are. attracted b)f a 
■agnet. These magnetic matetials include iron, nickel, 
cobalt,, etc. , 

The lines of magnetic force whi^ exist around a magnet. 

The axis points, of the earth, such as the geographic 
south pole. 

A piece of soft iron placed across the poles of a magnet 
to confine the magnetic field within the magnet, anU to 
avoid demagnetizing. - 

A piece of iron*, or a special alloy ^ which exerts an 
invisible force of .attraction on materials such as iron, 
nickel* or cobalt. 

The space around a magnet which is influence^d or affected 
by its magnetic force. 

• ■ - 

One of the earth's two magnetic poles. The earth's mag- 
netic north pole is located approximately 1,OOQ miles 
south of the geographic north pole in northern Canada. 
The magnetic south pole is actually some 1,500 miles 
from the geographic south pole on the continent of 
Antartica. 

The portion of a magnet where the lines of force are 
most concentrated. In every magnet there is one north- 
seeking pole (N-pOle>, and one south seeking pole (S-pole) 

'A magnetic material used to route magnetic linas of force 
around an object. This prevents the object from.being 
affected by the magnetic field. 

The -invisible force, exerted by a magnet, that allows it 
to attract ferromagnetic materials , and to attract' or . 
repell other magnets pr magnetic fields. 

A blackish iron ore i^ich in its natural ^Mtate contains 
magnetic particles within the material, vnce these l>art- 
icles are aligned, the material will become magnetic and 
attract other ferromagnetic materials. 
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NATURAL MAGNLT: 



PHRMANAiWiNT 
MAGNET: 



*REPEL: 



temporary 
Magnet: . 



A material, such as " lodes tone" or "toagnetite," which in 
its natural sta,te exhibits the qualities a ma^net,| 

A-oan^inade magnet which when magnitezed will retain its 
nagnetisin. Steel or alnico are exanples of mat^ial which 
can be made into perinancnt nagnets. ^ . 

llie process of pushing away or forcing back of an object. 
A north pole of a magnet will repel the north pole of* 
a second magnet. ^ 

A man-made magnet that loses its magnetism soon aftcl^he 
magnetising force is removed. Magnetized soft iron is an 
example of a temporilry magnet. 



^4 
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SCORE: 
GRADE: 



WORKSHEET 
V0CA3in.ARY WORD DECODING 



Name: 
Date : 
Period: 



The words below have little neaning until they are decoded. Each letter 
actually represents another letter in the alphabet. Your task is to 
break the code and decode each word. The example will get you started 
by providing three decoded letters. The code remains the sane throughout 

the worksheet. - . 

EXAMPLE: A. G E D A. \ . 

MAN . / 

1. G E Z D S I " " 



1. r 



1 



2. G E Z D S i T N G 

3. L A G C E N N 

4. E R R K E L R 

5. K S C S J I 



6. M S S C S K 



7. ,U A K R W 



S.CSKGEDSDR 



9. V S KKAGEZDSRTL 



2. [ 



5.[ 



6. [ 



7. r 



8. [ 



J 



10. GEZDSRTRS 



10. 



11. R S G C A K E .K P 



12. GEZDSRTL 



N W T S J 0 



12. [ 



o 

ERIC 
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MATCHING 



WORKSHEET 
QUEST ACTIVITY 
"UNIT 5" 



pat«: 
Period: 



2, 
3. 
4. 
5. 
6. 
7. 
8* 
^. 
10. 



Match the t era with the appropriate statenent. 

"'N/ ' ■ ' • ■ 

Lodes tone 



A, 



Conpass 
Repel 

Fe rroBiigne ti c Materi al ^ 

% 4 1 • t ■ ' 

; 1 - - 

Ma^netf zing' 
Attrfact 
Magnetic- Field 
Magnetic^ Shield 
Demagnetizing 
Temporary Magnet 



2.C 



A isuspended magnetic 1. f 
needle. *" 
B. The total area 
around a magnet 
Whifzft contains^ fltix 3. f" 
lines. ^ 
C* Two N -poles brought 4. [" 

close together. . 
U« Electromagnet or 
soft iron. 

E. A natural magnet. 

F. Ni^tkel 
G. 

H. 

ly 

J. 



6.r 



striking or heating 7. £ 

8.C 



a/ magnet. 

One N-pole and one 
S-pole brought close 
together. 9. T 

A soft iron material 
u^ed to route flux 10. T 
l^nes around an 
dbject. . 
Drawing a permanent 
magnet along a steel 
bar. * 



3 



3 



3 



3 



3 



3 



3 



11. The drawing below shows an unmagnetized steel bar. Using the area 
provided, make a sketch showing the change in position .of the 
"magnetic molecules" to form a magnetized piece of steel. 
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Hum: 
Date : 
Peri-od; 



Draw a sketch of the magnetic field which surrounds the bar magnet 
below* 



i 



N S 
Draw a sketch of the field produced by the two magne ts «be low • 



Does this field produce 
attraction or repulsion? 



] 



Draw the field produced by the two magnets pictured below. 



Does this field produce^^^ 
a force of attraction or ^ 
repulsion? 



List three practical uses for magnets or magnetic fields, 

~ ) 



2. 



3 



r 
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' Natte: 
Date: 
Period: 



INFOBMATIONAL HANDOUT 



CLASSIFICATION OF MAGNETS 



Any magnet can be classified as either jnatural. tempprary, or permanen.t. 
Study each classification described below and the corresponding description. 




NATURAL 



A natural magnet needs no special treat- 
ment by people to make it magnetic. 
Lodestone (or magnetite) is a natural 
magnet found on the earth. Especially 
large quantities can be found in the 
United States, however, these magnets 
are verj^ weak and really serve little 
purpose 'in the modern world. 



STEEL ALLOY 
MAGNET 





PERMANENT 



A permanent magnet keeps its magnetism 
for a long time. This type of magnet is 
produced from magnetic materials and 
can be made in a wide variety of shapes 
and sizes. They are used frequently in 
electrical appliances, hardware items, 
and compasses. The term artificial 
magnets is sometimes used to describe 
either permanent or temporary "magnets, 
but wTiat it really means is that the 
magnet is "man made." 




) 
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l)6te: 
Period: 



Ei£cmotM«3NET TEMPORARY 



1 



POWER 

OUTLET 




Temporary njagnets are generally o£ two 
varieties ,^\those made of material that do 
not keep their magnetism long (soft iron^ 
and those which operate, with the help of 
electricity (electromagnets) • Electro- 
magnets are temporary in thatwhen elec- 
tricity xs apBliedthey act like a magnet 
however-y when the electricity is removed 
they do not regain tl^ir magTietisifl, 



z 



OR 




SOFT 
IRON 
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Nane : 
Date: 
Period: 
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INTORMATIONAL HANDOUT 



MAGNETISM AND MAGNETie FIELDS 



THTTOYSICS OF MAGNETIC MATERIALS: 



Only certain\ materials. have the ability to be magnetized, o: 
attracted by^ a magnetic field. Natural magnetic materials i 



^ 



ir to be 
are called 

ferromagnetic materials and include the elisments iron, nickel-, and 
cobalt. The atoms of these three materials have the peculiar ability 
to orient themselves so that each atom has a defintte positive and 
negative side.. These atoms combine to form magnetic molecules or 
domains, each small molecule has a north and south pole. In an 
^unmagneti zed piece of iron, for example, these magnetic molecules 
ar jrange themselv es in a random pattern as shown below. 




l=N UNMAGNETIZED IRON 



When a material is magnetized, either by contact, or by being placed 
within a DC electromagnetic field, the magnetic molecules arc- forced 
to move and align themselves in one direction as shown below. 







































MAGNETIZED IRON 
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NaBKs : 



Date: 
Period: 



MAGNETIC FIELDS: 



The nagnetic field of a magnet is made up of a number of invisible 
lines of force known as flux lines. These* flux lines extend- froi^i the 
'nagnetic poles out into space* flowing from the N-pole to the S-pole, 
and not crossing or touching. As ,th^ distance from the magnet in- 
creases, the separation between the flux lines becomes greater, and 
the field becomes weaker. The strongest concentration' of flux lines 
is located at the poles of the magnet. Study the diagram of the bar 
magnet ^d its associated magnetic field below. Locate the magnetic 
poles, and the areas of dense flux 'concentration. 




Magnetic Field 



notes: 
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Date: 
Period: 



BASIC im OF MAGNETISli ; , 

As you profaiably know froo comnwn experience , when two magnets are • 
brought close to: each other they wiilr either pull together (attract) , 
or push apart (repel). The action o£ the two magnets will depend upon 
the orientation of the jsagnetic poles. The basic law of nagnetisiB 
explains the magnetic reaction in this way: 

■• ' , ■ '■. 

Like poles repel - (N-pole' and N-pole repel as well as 

S-pole and S-pole),^ - '. 

Unlike poles attract - (N-pole and S-pole attract) i / 
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Fields of magnetic attraction and repulsion are shoivn below: 
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TP . 
ABC D 



Ai\SWi:H SiiUKT 
IIXAM LII US 



Nauic': 
Date: 




2t>. 
27, 

29. 

30, 



T F 
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35. 

'50. 

57. 
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40. 

dbmains/m,olecules4 ^ 

42. 
43. 
44. 
* 45. 
4b. 

W47. 
48. 

s50. 



13. 

15 , 

* 17. 

18. 
. 19. 
20. 

21. poic 
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54. 
55. 
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SB. 

sy. 

60. 
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65. 
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6J9. 
70. 
71. 
72. 
73. 
74. 
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77. 

U. 
79. 
80. 

as. 

80. 
87. 
68. 
89. 
90. 
91. 
'92. 
93. 



94. 
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9<>. 
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99, 
100, 
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KEY 
S 



A, WORD DKCODINC 

" . ' ■ , ■ ^ f- 

s ' . ' • / '' ■ • 

.2v teagnetiso V 

3. • ,coapftss . 

4. attract 
. 5. rfpel 

• 6i keeper . 

7. north 

8V pernanent 
ft. , 'ferromagnetic 

* 40 •? magnetite , 

" 11* .temporary 

12 • wagnetic shield 



: 



B, .QUEST ACTIVI^TY ^ 

^ • ' ' ' ■ * 

6^ H 

7. b;/ . . ■ 

8. I , ■ * 
• 9.- G ' . - 

. io^. D . : 

11. line up small magnets ^ 

/ horizontally, all d&rk ends 
pointing in the same 
' ' direction. 

12, (subjective answer} 



/ 13. (subjective answer) 
attraction 




/ 



' 14. (subjective •answer) 
repuisiron . / ^ 

j» ■ 

15. (subjective answer) 
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BY 

R. E. LILLG^ 
N. S. SOFF^IOTTO 



STATl; ELECTIUCm/HLECTRONICS CURRICULUM GUIDE 
INSTRUCTOR'S CUrPI- TO ACCOMPANY, LEVEL II UNIT «6 

Title of Unit ; Nature of Elettricity 
Time Allocation ; 1 ,weck 
Unit Coal ; 

To achieve student competence in analyzing th^ charisicteristics of the 
tiny building block of all electrical or electronic circuitry - the 
4totQ, and to develop a familiarity with the basic units and terms that 
will be encountered over and over again. i 
Unit Objectives ; . - 

Th^ student will be able to: 

1. differentiate and identify the basic parts of the atom, and the 
fundamental laws of charged bodies. 

2. explain the definition for both voltage and current, and indicate 
the proper imits of measurement for each quantity. ^ 

3. demonstrate the ability to connect a simple electrical circuit 
together, and to state the putpose of the individual components 
referred to as the supply, control, cQjiductor, and load. 

Evaluatj.on ; . • 

* * * ■ ■ 

The student will demonstrate his/her competence in terms of these 
measurable objectives based upon individual instructors acceptable per- • 
formance criteria, which may utilize a combination of written, oral, and 
Tabotatory testing procedures. 

■ ' } . . • . _ ■ 

Instructors References ; ^ 

(. ■ . • . ' ' ^ . ' 

Basic Principles of Electricity . Vester Robinson, Reston Publishing 

dompany, 19^3, Chaipter; 1 i . s 

Electronic Communication . Robert L. Shrader, McGraw-Hilir' Book Company , 
\m. Chapter ;„ l.V 

Fundamentals of Electricity . Robert Seippel, American Technical Society, 
1^74. . tihapters; 1 and 2 , 

Overview ; , 

-J'- - ■ - - , " - » ^_ _ _ 

The unit should be initially introduced by indicating that the "study 
of electrical theory and its applications requires a knowledge of the atom 
and its basic structure . 

Upon this foundation the next topics can be presented in a more 
meaningful manner. For example, the law of s.tatic attraction and repulsion 
and the concept x>f electrons in motion can now be digested easily by the 
student,. if these topics succeed a discussion on the basic nature of matter, 

The instructor should next present and impress students with the 
difference between potential difference va^d current flow, in-order to 
encourage a thorough understanding of basic quantities and th^ir proper 
V units of neasurement.' ^ 

*■ This unit concludes with an "in-depth" evaluation of the electrical 
■ake-up of a simple circuit. A variety of appropriate exercises and lab- 
<^ iratory experi»ents and or projects should be coordinated with all unit 
tK|^;bpics when feasible. 1 Qn 




Follow the instructional module unit outline as a basic skeleton 
for curriculum presentation, however, note the following: 

.1. When explaining the concept of electron movement or flow be 
^ sure to explain the electron action as a "chain reaction" effects 
All too often students believe one electron travels through the 
circuit at a fantastic speed operating all devices it encounters 
2. During the discussion on currettt flow, refer to the reasons why 
the current carriers (electrons) always travel towards the 
positive side of the circuit. Substantiate this concept with 
the basic law of charged bodies, this kind of foundation will 
allow students an opportunity to truely understand basic 



•current flow characteristics. 
3« Introducing measurement units in electricity is sometimes hard 
to explain to students, so first find some common ground by 
asking the class for standard units of measurement for distance, 
speed, weight, and temperature* Once the idea of .units of 
measurement has been established it is simple to ease into a 
-discussion on electrical units of measurement. 
4. The final topic which essentially explores the structure Of a 
simple circuit is probably the moat important topic in ter.msA)f 
technical information. Develop a couple of simple experiments 
to vividly illustrate how each basic requirement (part) of a 
circuit is utilized, and then explain the fundamental relation- 
ship that they enjoy with each other. 



1. Obtain a three foot acrylic tube with a diameter slightly 
' larger than a ping-pong ball*. Fill the tube (conductor) and 

perform a variety of demonstrations. Insert one ball in and 
observe the "chain reaction" which will culminate with one 
ball exiting the opposite end of the tube. Apply a force 
(voltage) by blowing into the tube and observe the internal flow. 
Finally, insert a color ball into oiie end of the tube and as 
succeeding balls pop out keep inserting them into the opposite 
end while watching the colored ball travel through the tube. 
Discuss electron flow in- terras of this demonstration. 

2, If possible obtain a wall chart of the p'eriodic table of the 
islements and utilize it during the presentation on the basic 
structure of the atom. Check with other departments for a 
possible loan of this ^visual aid. 

Instructional Module Contents: 



Supplemental Activities and Demonstrations : 




1. 



Unit Outline (overhead) 



2. 



Fre-Post ' Test (keyed) 



3. 



Technical Glossary 



4. 



Worksheet (vocabulary) - Crossword Puzzle 




5. 



6. 



Quest Activities ' 

Informational Handout (Structure of the Atom) 



7. 



Unit Module Answer Keys 



ERJC « 




Nature of Electricity ' 

A. Structure of the Atom 

B. The Electron 

C. Behavior of Charged Bodies 

D. Voltage/Potential Different 

E. Currenjb/Flow of Elee-trons 

F. Units of Measurement 

G* Simpre Electric Circuit 

1. Supply 

2. Control 

3. Conductor 

,0 

4 . Load 



Test.,NuaibeT ' ; . 

tII-U6 UNIT EXAM * ^ 

NATURE OF ELECTRICITY 

: • ' * , - ' ■* ' 

IMPORTANT- " 

Indicate your responses on the answer sheet only . Fill in 
the box corresponding to the correct answer to each question - 
there is only one correct answer for each question. 

* • , '« ■ ' 

■ ■ ' ,■ ' • ■ , ' 

!• The atooic number indicates the number of neutrons in the atom, 
(T-F) * 

2. A ifieutral atom has as many electrons as it has protons, (T-F) 



3, Basically, the atomic weight of an atom is equal to the number of 
neutrons plus the number of protons, (T-F) 



4. The proton has a negative charge and orbits around the nucleus. (T 

5. A conductor is a naterial which aliens current to flow through it. 

- , ' ' ' ' * 

6. The flow of current through a circuit is measured in volts, (T-F) 



7. Motors, lamps, beils, and heaters are devices used as loads in 
electrical circuits. (T-F) 



8. A supply provides the source of voltage and current for circuit 
operatic^, (T-F) 



9. 



Voltage provides the "pressure" needed to force electrons throuch a 
circuit. (T-F) , - ^ 



10, Electrons always flow from negative to positive in an electrical 
circuit, (T-F) 



Voltage is aeasuTed in the basic unit 



The aoperct is the basic unit of saeasuremcnt for 



To qualify as a complete electrical circuit, a supply, conductor, a 
load and a * are jequired. 



Usin^ the information g.iven below, determine the number of neutrons 
present in the gold atom, neutrons. . 



J 



1 



GOLD^ 197 

Au 

70 



Electricity travels through a wire, or circuit at about the ''speed of 
(A) souncl, (a) wind, (C) water, (D) Ught, 



h * 
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THOINICAL GLOSSARY 



Date: 
Period; 

\ 



A^tt>£Rii: 
ATOM: 



AXOMIC NUMiiUR: 



ATQMIC WE I Gin: 



COMPLETE 
CIRCUIT: 



GONDUCTOH: 
C0;>iTROL: 

CURRENT: 
ELECTRON: 
ELECTRON SHELL: 

LOAD: 



The basic unit of neasureiBent for current. Abbrev, A 

The snallcst particle that an elcHient can be divided 
into, and £tiil' have all the characteristics of that 
element. For example: the smallest possible bit of 
copper y that can be Tcmovcd from a penny would be an atom 
of copper. Atoms contain three basic particles - protons, 
electrons, and neutrons. | 

One of two numb'ers appearing by each ^lement of 'the 
"periodic table*" The atomic number xs the smaller of 
the two numbers, and indicates the total number of protons 
in the nucleus of the pzirticular atom. Example: ' 



atomic 
weight 



atomic 
nusber 




The 'second of two numbers appearing with each element .on 
the "periodic table."- The atomic weight indicates the- J; 
total mass of the nucleus of , the atom. 

An electrical circuit which contains at least ai supply, . 
load, control, and conductor. All functional electrical ' 
circuits ffiiist contain these 4 basic parts. 

A material which freely allows current to flow through it. 
Example: copper, aluminum, and silver are conductors. * 

The part of a complete circuit which turns on, turns off, 
or routes (directs) current tlrrough a circuit. A switch 
is an example of a control. 

The orderly flow of electrons through an electrical 
circuit, Abbrev. I. 

The negatively charged particle in an atom. The electrons 
are located in the "shells," and orbit around tXe nucleus. 

The location of the ' e lectrons withi.n the atom. Each 
layer of electrons constitutes a shell, and each shell 
has a maximum population, . / ' 

The device ^hich a circuit is desig;ne^d to operate. Common 
circuit lo*s are motors, lamps, speakers, heating 
elements, etc. 



o 
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Name : 



NHUTRON: 
MUCLBUS: 

PROTON: 
SUPJ?LY: 



VALEI^CH SHiiLL: 



VOLT: 
VOLTAGE : 



Date : 
Period: 



An atomic particle located in the nucleus of the atom 
and is ncutt'al "(neither positive nor negative) in charge. 



The 



centner 
neutrons. 



mass of an atom, which contains the protons anc 
The nucleus forias the central "core" of the 
atoni, and ^also contains the majority of the atomVs mass. 

An atomic particle, located in the nucleus of the atom; 
and_having a positive charge . 

The device whidi provides, or supplies, the necessary 
voltage and current for circuit operation. Some typical 
supply devices are batteries, generators, and solar, cells. 
The supply is often referfed to as the source. ^ 

The outer most electron shell of the atom« also referred 
to as the "hook". The valence shell is the most -chemi^^ 
cally and electrically active of the electron shells. It 
is the valence electrons which basically determine a 
materials electrical characteristics. 

The basic unit of measurement for voltage. Abbrev, V 

The electrical force or pressure which causes electrons 
to move through a circuit. Other terms for voltage are 
e|||ctromotive force and potential difference. Abbrev. E 



SCORE: ' 
GRADE: 



WORKSHEHT 
VOCABULARY - CROSSWORD PUZZLE 



N^me 
. Date 
Period 




1. 

L 

5. 
t. 
8. 



9, 
12, 
13. 

14. 
kl6. 



ACROSS 

The outer most electron 2 
shell. 

The device a circuit is de- 4 

signed to operate'. 

The orderly flow of electrons 5 

through a circuit. 

Identifies the number of pro- 6 

tons in an atom. 7 

The part of a circuit which 

provides the voltage and 10 

current for operation. 

The center of the atom. 11, 

The basic unit for voltage. 

The positive particle in the 

nucleus of the atom. 

The location of electrons in 

an atom. 

The atomic - 

indicates the mass of an 'atom. 
The negative particle in an 
atom. 



J)OWN 

The part of a complete circuit which 
"directs'' current flow. 
The smallest particle into which an 
element can be divided. < 

A material which allows, or supports 
current flow. 

The basic unit for current flow. 

A neutral parti'cal in the center of 

the atom. » 

An electrical circuit which contains 

a supply, load, control, and conductor. 

Electromotive force, \ 



SCOKit: 
GRAUii: 



Name : 
Date: 

WORKSHEET' . Period: 



QUlfST ACTIVITY 
J "Ui;iT 6" 



1« £ lis ctrons orbit around the nucleus^ o£ the atoro 1. 
in paths cal,;ied * ~ 

2. The nucleus of the atom contains both A) 2A. [ 

and B) . ■ r • 



lU. 



3, The atonic ' ' indicates the number of 3, j . j 
protons in the atom, v 

4, A neutral atoro will contain the same number of 4A. [ 

A) . and B) . j 



4B, [ 



5. The outer most electron shell of « an atom is ^* L 

called the shell. ^ 



6. Electromotive force is commonly called A) 6 A> "T^ 

and is^ measured in the basic unit of the- _ 



7. The orderly flow of electrons through a circuit 7A. [ "*1 
is called A) and is measured in the 



basic unit of the . 7U. 

8. The smallest particle that an cienient can be sT^^ 
jdivided into, and still retain all its character- 
i^stics is called an . 



9. Unlike electrical charges will A) , 9A. { I 

while liiie electrical charges B) . ■ 

-~~ — 1 

A positively charged particle will attract both lOA. [/ . \ 

-a A) charged or B) particle, - 

~ lOt^. I I 

11. Li|st the three basic atomic particles, and their electrical charges, 

PARTICLU CilARGl: 



. I I - - - I I 

I I -•• J -I 

... m I 



ERjC ' ' LII-U6-9- X^'p, 



■ Name: 

Date : 
Period: 



12, Draw a sketch of the boron atom. 



aoron^ 11 





13. Qrmi a sketdi of the copper atoin« 



Copper 54 

Cu 



29 




1 



14. Draw a diagram of a simple complete electrical cix:cuit, 
four characteristic parts of the circuit . * 



*Laber the 




o 
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Date; 
Period; 



Identify thie supply, control, load,' and conductor eleme 
circuit below. 

UNP 





Supply 
Devices 



Control 
Devices 



][ 



][ 




MOTOR 





load 
Devices 



HEATER 

Conductor 
Element 



3C 



il9 ■ 



' ■ f ' ■ 
pate : 

Period: 



. • . \ INFORMATIONAL HANUOlJT 

... STRUCTURE OF JUL ATOMl 

INFORMATION FOUNU ON PERIODIC TABLE: 



Flourine 



Atomic 
number 




Atomic 
Iv'eifiht 



Element 
oi 




URAVfli^G AN ATOM: 



nixir 



To draw an atom you must know the number "of protons , electrons , and 
neutrons present in the atom. The atomic number provides part of this 
iriforiiation it indicates the number of protons found in the nucleus 
of the 9tom. In their pure form, an atom^ill have an'^qual number of 
protons and elect(rons, so the atomic number actually indicates the 
total number of protons or -electrons, to find the number of neutrons 
in the atom, simply subtract' the atomic number from the atomic weight* 

Using^the information given ;abo)it the flourine atom, you should then 
be able to lis/t the number of protons, electfons, and neutrons found 



in that atom. 



4. ; 

I 

Protonsj - 

\ \' " 

Elegtrohs- 

Neutroni 



9 
10 



Once the aboive information is qeterrainVd a simple sketch of the 
atom can be made as follows: 



1} 
2) 



braw the protons and neutrons in the nucleus of the atom, which 
is located in the center of \ the diagram. 

The electrons orbit around the nucleus, and are located in the 
elec'trqn shells. Each shell\has a maximum population, as follows: 



1st sh^ll 
2 electrons 



2nd shell 3rd shell . 

8 electrons • 18 electrons 



4th shell 
32 electrons 



The electrons must then be placed in the shells, beginning with shell 
#1, filling each shell before moving to the next^ 
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l5i) 



Period: 



FlQurine* Atom 



/ 



1 ST SHEL4- 

2 ELECTRONS 




© 



V 

/ <D 



2 ND SHELL 
7 ELECTRONS 



NUCLEUS ■ 

9 PROTONS 

10 NEUTRONS 



fipw that you know the system, use your new knowledge tro draw a 
sketch of the. iithiuni atom. . r » 




Protpfis - 
Electrons r 
Neutrons - 



r 



Compare your answers with. the sketch below. 




J5i 



S^COKl:; 
GRADE: 



T F 

A B C D 



1. 

2 « 
3. 
4. 

5, 

<»♦ 
7. 

9. 
10. 
XI. 
Vl2. 
13. 

14. 

is. 

16. 
17. 

16. 
19. 

20. 
21. 
22. 
23. 
24. 
2S. 




















V 







































































ANSWER SiiJiET 
* EXAM Ui 



Uate: 
Period: 



TF 
A B CD 



TF 

A BCD 



' 2<>. 
27. 
2a. 

29; 

30. 

31. 

• 32. 
33. 

' 34 . 

S5; 
.30. 
37. 
38. 

40. 

41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
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■r 




ILiJ J 




r 
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*51. 
52. 
S3. 
54. 
S5, 
SO. 
57. 
58. 

S9i 

00. 
OX. 

^2. 

-63; 

0^4. 
65. 
06. 
67, 
68. 
69. 
70. 
H. 

73. 
74. 
75 . 













t 
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• 














































<- 


















































T 














• , i 































































TF 

A-B C D 



70. 
77. 

78 .> 
79. 

80, 
81a 
82« 
83. 

84. 

85. 
86. 

87. 
88. 

89. 
90. 
91.. 
92. 

93. 
94. 

95. 
96. 
97. 
98. 
99. 
100. 
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ANSWER KEY 
UNIT 6 



A. CKOSSWORi) PU2ZLE 

ACROSS 

« 1. valence 

3» load 

5%. current 

6* atooic aunber 

8* supply 

9« nucleus 

12. volt 

13. proton 

14. shell 

15. weight 

16. electron 

* . 

DQWM 

.Tl ^control t 
4. atom 
, 5 . conductor 

6, , ampere 

7, neutron 
10* complejte 
11, voltagie 



IS. Su 



devices 



cej 
AC 

Control devices 
DP5T switch ' 
SP$T switch 
Load devicess^^ > 
lamp . . 

bell 
heater 
motor 

Conductor element 
wire 



a: ::que5t Aciivm 



1. shells , " 
2A. protons 
2U. neutrons 

3. number 
^A. electrons* 
4U, ^protons 
' 5.. yalence 
bA« ^oltaiie 

volt 
'7 Aw current . 
7B, ampere' 
8. atom- ' 
9 A. attract 
9B. repel 
lUA. .-itegatively 
iOti.^ jneutral 

electron - 
proton ♦ 
neutron o 



It*. 



13. 



14. 
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ELECTRiCITY / ELECTRONICS 



CURRICULUM GUIDE 
INSTRUCTIONAL MODULE 




STATE OF CALIFORNIA 
dEPARTMENT OF EDUCATION 



WAME gY 

DATE STARTED R. E. LILLO 

DATE COMPLETED s. SOFFIOTTO 



STATE ELECTRICITY/ELECTRONICS CURRICULUM GUIDH 
INSTRUCTOR'S GUIDE TO ACCOMPANY LEVEL II UNIT #7 

Title of Unit ; Methods oi Prodycing Electricity ^ 

Ti me Allodation ; 1 week ' 

.* II II ^ I I ■ «— . 

Unit Coal : . « 

To disclose those competencies which will introduce the studcpjt-to 
a- variety of sources and/or methods of producing electricity, and to 
• expose students to other related energy considerations such as costt 
availability, conservation, and power potential . 

• Unit Objectives : 

The student will be able to: 

1. identify six methods of producing elettricity. 

2. illustrate by example how each of the sources discussed produces 
electricity. 

3. explain the necessity for energy conservation, methods of con* 
serving energy in the home , and alternative energy source 
availability. 

Evaluation ; • 

i The' student will demonstrate his/her. competence in terms of these- 

measurable objectives j>ased upon individual instructors acceptable 
performance criteria, which may utilize a combination of written, oral, 
and laboratory testing proi^du're. ^ 

Instructor References : 

Basi.c Electronics Systems Tejchnology Unit 1 . Dugger, Patrick, Suess, and 
, Ziegler, Bruce , ly 7i;' /^'i^essons : 2-b. 

Ele(^tricity and Electronics , V.'ialter B, Ford and .Wi lliam iJ . Steinberg, - 
' 'American Technical Society,. 19 74. Units: 6-9. 

Electricity One-Seven * Uarfy Mi leaf, Hayden Book Company, Inc.,. 1976. 
Chapter: Electricity 1. 

Ov erview : 

Unit 7 focuses on the fact that electricity has become an essential 
part of our life therefore it is important to be aware of the sources for 
creating electrical energy. 

The instructor should first examine the sources that are available, 
then identify those which are small-scale sources and those that are 
clasisified' as large-scale sources in terms of power produced. 

This unit ifttroducetf^the six basic sources of electricity along with 
some of the details of application. The actual concept of "how" these 
souirc^s generate electricity will be conside'red at a later time. 

The unit topic also emphasizes other vital considerations associated 
with the consumption of energy. ^ 

A variety of appropriate exercises and laboratory experiments and/or 
projects should be coordinated with all unit topics when feasible. 
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SuRRested Presentation Uints/Methodol<)fiy : v 

* • ■ ' \. . ■ • ' . • • ■ 

Fonow"^he ins't ruction a 1 module unit outline as a basic skeleton 
for curriculum prese^ntatipn^, however, note the following: 

Try not to leave the impression that the 'sources presented in 



1. 



2. 



3. 



4. 



5. 



this unit are the only sources; they are just the most common 
ones. Explain further that many other sources hai^e potential,, 
yet are still in the experimental sta^e in terms of development. 
Most of the methods of producing electricity . can be explored in 
greater depth during laboratory activities in which the student 
physically examines an d/br performs a variety of experimentation. 
When discussing heat, light, or p;ressurc methods of producing 
electricity , Ainder small-scale production, it is important to 
emphasize that these methpds are primarily utilized in control 
or sensing types of circuits. 

Discuss with the class, alternatives to electrically powered 
entertainment. Ask the students to list non-electrical leisure 
activities they presently participa.te in and then have them 
describe their feelings in terms of this condition lleih*^ a'*" ' 
permanent part of their life st^'le. 

I-ntroduce new career choices ,to your class whicli may exist in ^ 
the tuture in such special energy areas as solar, gfeothermal ; 
wind power, and nuclear, fusion. 



Supplemen 
1. 

2. 
3. 



1 Activities and Demonstr^ations 



Producing electricity . through heat action can be demonstrated by 
using a pair of wires (iron and nichrome) and a large galvano- 
meter. Twist the. loose ends of the wires together and heat the 
junction with a match. 

Producing electricity through .pre.s sure action can be demonstrates 
with a record player pickup. Apply pressure to the needle and 
then measure pie voltage across* the cartridge, 
Producing electricity through light action can be demonstrated 
with a 'measurement of the output of a solar cell^ The output 
will i-ncrease as the light striking its. face increases. 



Instructional Module 'Contents : - 

1. Unit Outline (overhead) ' 

2. 'Pre-Post Test (keyed) 
"3, Technical Glossary 

4. Worksheet (vocabulary) - Scrambled »\'ord Puzzle 

5. Quest Activities ^ 

6. " Informational Handout (Six Methods Used To Produce Electricity) 
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7. Unit Module Answer Keys. 
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VII. Methods of Producing Electricity 

A. ^ix Methods of Producing Electrlcitx" 
• 1. Friction ' • ; 

, . . , " - 4 ....... 

2. Chemical < 
■ > 3. ^eat 



4. Light 



5. Pressure 
'6, Magnetic 

* 

B. Using Energy 

1. Home consumption 




2. Conserving energy - 

3. Alternative sources 
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■ • Test Number 

■ ■ ' ■ T- 

UI-U? UNIT HXAM 

METHODS OF PRODUCING ELECtRIClTY N 

•. . . . . ' * ) ■ 

ir4P0RTANT- 

Indicate your responses on the answer sheet onXy > Fill in 
the box corresponding to the correct 'answer to each question - 
there is only one correct answer for each question. • 

1, Static electricity is gene rate 4 by heat. (T-F) 



Z. When a charged rod is brought close to a neutral material, attraction 
occurs. CT-F) ' 

3. The two types o£ static charges are positive and neutral. (T-F) 

^aI a primary cell can usually be recharged. '(T-F) 

S. The amount of electrical energy used in the home is measured in 
kilowatt-hours. (T-F) 



6, A battery changes chemical reactions into electrical energy. (T-F) 



7; Light shining on a thermocouple will produce a small amount of 
electricity, CT-F) 

% S. Moving a magnet into a coil of wire will produce electricity. (T-F) 

• (I • • 

A solar cell is an example of a piezoelectric ' device. (T-f) 

I 

10. Many devices use less e'nergy when left on and operating, than if the> 
were to be turned on and off as needed. (T-F) 



11, A charged rubber rod will attract: 

(A) a charged glass rod*, (B) a positively charged material, tcj a 
^ neutral Baterial, (D) a^i of the above. 
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12. 



15. 



The liquiO in a" wet cill is lied the: ' 

(A) acid Juice, CB} electrolyte, CC} chemical compositipn , (D) 
electrode. . ', ' ' 



Piezoelectricity is electricity produced by: 

(A) heat, W chemical reactions, (C) pressure, 



(D) wagnetism. 



14. 'A generator requires a coil of wire^, motion, and ^ 

to produce electricity, . « 

(A) light, tB) heat, (C) friction, (D) magnetism. 



in ordeT 



15. Which of the following is an example of 'a photoelectric device? 

(A3 solai^ cell, (3)^j|ifixaocouple , (C) battery , (b) rochelle salt 
crystal. 




/ 



/ 

/ 



^ / 
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Naioe: 

v ' Date J , 

PeriQ<j2 



TECHNICAL GLOSSARY 



A strong ohemical substance with corrrosive properties. 
Vinegar » is an exanple of a weak acid, other common aci4S 
are citric acid and sulfuric acid. 

Refers to another choice, or possible selection. Al- 
ternative energy sources could include such things as 
wind power, solar energy, tidal power, and nuclear power. 

Two or Bore voltaic cells connected together in either 
series or parallels A b8tt0ry is an important source^of 
DC electrical energy because it is self-contained, and 
.portable,' '"'"^^-^ |; 

A Single voltaic unit, which is fonaed by combining two 
dissimilar metals and an' acid solution, . » 

A source of DC electricity, which is produced by 
. ^emical reactions; A cell and a battery are examples of 
Jpiemical electrical devices. 

A number of turn's of insulated wire, usually wrapped in 

circular form, A. coil^of wire is a necessary part or 

element in a genera toi^. 

■ 'C ' - ■ ' ' ■ 

The process of saving or limiting the use of a resource, 

? such as electrical energy. " • - 

The, act of|||Ming up, or consuming a resource, such as 
electrical energy. 

Referring to materials that have different character- 
istics. Two< dissimilar metals for example would be 
copper and zinc. ' 

A force which is capable of doing "work." Common sources 
of energy would include electricity, steam, falling 
water, nuclear reactions, combustion (fife), etCi 

i 

'A device used to produce eleckrici|y, either^AC, or DC, 
by moving a coil of wire through a^agnetic field; or 
by keeping the coil stationary and moving the magnetic 
field. 

A source of DC electricity, which is/ released, or pro- 
duced by light energy. Photoelectrical devices are ol 
three types - photovoltaic, photoconductive , and photo- 
emissive. Only the photovoltaic devices produce elec- 
tricity directly from light. ^ 
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Name : 



Date: 
Periods 



PIEZOELECTRICITY: 



PRIMARY CELL: 



SECONDARY CELL: 



A source of electricity which is produced when a varying 
pressure is applied to a certain crystal material, such 
as quartz, Rpchelle salts, or barium titanate. 

A type of voltaic cell, which will protiuce electricity as 
soon as the chemicals are combined, and generally cannot 
be recharged. 

A cell' which requires charging before it will produce 
ei^fricity, and has the advantage of being continually 
re^Bgeable. 

A collection of electrical charges (both positive, and 
negative) at rest on the surface of an object, static 
charges are generated or produced by friction, 

THERMOCOUPLE: A device consisting of twp dissimilar metals, Joined at / 

a junction. When the junction is heated, a small amount/ 
of DC electricity is produced. / 



STATIC 
ELECTRICITY: 
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SCORE : 
GRADE : 



WORKSHEET 



Name: 
Period: 



VOCABULARY - SCRA>!BLED WORD PUZZLE 
Unscranbie the letters below to uncover the electronic terms j 



EXAMPLE: 

A. EECCIITTRYL 

1. LECL 

2. CADI 

3. TICTAS 

4. NEERYG 

5. TABEYRT - 

6. " LCCHAEIM 

7. TEENGORRA 

8. SMILSIRDAI 

9. LEARNATEVIT 

10, CATNOSENORIV 

11, RDAOECSYN 

12, TPNMSCNOOIU 

13. EEER2PLCCIII0YTT 

14. MOTORllEELCtlP 

15. TELETOPHOTRYCCII 



erJc 



•St 



2-L 



5.[ 



6. [ 



7- [ 



s.i: 



10. £ 



11. 1 



12. L 



13.^ [ 



14. [ 



15. [ 



] 



II. 



SCORE: 
GIIADE: 



Name: 
Date : 
Period: 



' JV WORKSHEET 

QUEST ACTIVITY 

^ "UNIT 7" * - 

. ■ .* ■ 

Choose tetv^iteos, that you lise xDOSt\ frequently, from the list of coffimon 
household appliances below. Then, locate and record the wattage rating 
for those items. Normally these ratings will befound stamped into the 
body. of the appliance, or on a metal yiate affixed 19 the device. Record 
your findings, in the space provided oh the chart. 



COMMON JjOUSEHOLD 



TLIANCES 



Wattage 
rat in a 



Device 



Watt 
rat 



Air Conditioner (room) 
'filack and White TV 
"Slender 
iJlow Dryer 
'Cloick , 



Device 
irlers 



^Clock Radio 

"^""^Coffee Maker 



'Color I 
"Curling Ifl»nC ^ 
'Drill (pof table) 
■fclectric «lan.ke: 



E lectric Can Opener 
"Electric Typewriter 



Electronic TV Gai 
[Fan ' 
'Food Propessor 
[Fry Pai^ / 



Hot \Plate 
Iron! 

"lampf ahij Lighting 
^ixei 

'Oven, Microwave 
"Pop Com Popper 
"Projector 
'Radio 

[Stereo/ receiver 
'Sewing Machine 
'Shaver * 
[Sun Lamp 
"Tape Recorder 
"Toaster 
"Vacuum Cleaner 
"Itfaffle Iron 



.Answer the following questions after you have completed your research 

1. - Which. of your devices has the highest wattage rating? ' ' 

2. Which device has the lowest Wattage rating? _ 

3. Which devices do you use most often? ' - 



4. 

5. 



Based on your list which devices have higher wattage ratings, those 
without heating elements or those with heating elements? ■ 



On a weekly basis, which device consumes, the roost energ):^ (Consider 
wattage rating^and time of use). 

What pratical things could you do ^o reduce your consumption of 
electrical energy? 



. Name: 
« Date : 
Period: 



INFORMATIONAL HANDOUT- 



SIX METHODS USED TO PRODUCE ELECTRICITY 



-Electricity from friction - 
itatic electricity) 



GLASS. 

Trod 




FRICTION 



Electricity from chemicals - 
(chemical electricity) 




ZINC- 



•Electricity from heat- 
(thermoelectricity) 




DISSIMILAR 
NCTALS 
JOINED 



-Electricity from licht- 
(photoe lectricity J 

LIGHT 

//M»\\\\\ PHOTOVOLTAIC 
^ DEVICE 



^^^^ 




ERIC 



-Electricity from ^re&sure 
(piezoelectricity) 



1 




PRESSURE 



-l:lectricity from magnetism< 
(magne toe lectricity) 

MAGNETIC HELD 




COIL 
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MCmON 



ABC P 



T F 



liXAM Lli U7 




13. 

■ 14;." 

15.- 
10. 
17. 
•l».. 

20.' 
21'. 
22. 
,23. 
24. 
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26. 

27, 

2y. 

30. 







































* 




















1 








■ 1 








I 


r 




— J 


T 







31. 
32. 
35. 

'34, 

^35 1 
3b. 

57. 
38, 

41. 
42-. 
43, 
44. 
45. 
40;. 
47. 



CD 



T F 

A BCD 



T f 
A B 













v., 


* ,■■<■" 










> 


























{ 














i 


-.J 




1 




















i 


4 
































f' 






< 
























/ 
























' i 














'v 











51, 










76. 


. 52. 










77.' 


S3. 






} ■ 






5'4. 










79. 


55. 










8U. . 


' S„G * 










. 8iV 


' 57; 

■'■ 5^'.; 

5y. 

-GO. 
'01, 
62. 
63. 
I 64. 
65. 
,06. 
67. 

69. 

70,; 

71. 
72-. 
73, 

74. 

75: 




1 


7 




82 k 










■ 85;' 






• 


>- 


. 84. 




> 






. * 85. . 










86.^ 










• 87, 










88, 










89.. 










9U.. 










91.. 
















r 




93;,: 










^ .94 . . 










OS. , 










■ 96,. 










97. 










98. 










99. 










100. 



*Sh)l)w work for problems on back oJ* answer sheet, 
' ,^LlI-U7-ll|gg 



ANSWE.R KEY 
. UNIT '7.. 



* 5 



A. SCRAMBLED WORU PUZZLii 

, 1. cell. 
2.ii acid 

3, .. static 

4. energy 
battery 

6, chemical 

7,. generator; 

8, dissimilar 

9, alternative 
10;. coi^sorv£|tion 

11, secondary 

12, consumption' 

13, piezoelectricity 

14, thermocouple ' 
is, photoelectricity 



B.- QU&SI ACTiyiTy 

(subjective evaluation) 
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CURmCULUM GUIDE 
INSTRUCTIONAL MODULE 



UNIl VIII 

THE "flow of 

ELEC-^-^iClTY 
THROd^l 

f^lNSULAfoRf" 






STATE OF CALIFORNIA. 
^DEPARTMENT OF EDUCATf#N 



DAT^ .STARTED 

•ATE COMPLETED. 



R. E. LfLLO 
N. S. tOFFlOTTO 



ERIC 



157 



M ini*,. bi,»»«v> i i\xiL>i I i / i;i,<t;ia inUMi.v^ i<u^KlW.Ul,*Ul•l nuxut; 

IMSTRUCTQR«S GUIDE TO ACCOMPANY LEVEL II UNIT Is 



Title of Unit ; The Flow 6f Electricity Through Conductors and Insulators 
Tjae Allocation ! l.week" ' - • 

Unit Goal ; ■ : ., 

. To acquaint students with the general characteristics and electrical 
properties of specific materials^ thus aiding student compreliension ' 
-of the methods utilized for classifying materials as either conductors, 
insulators, or semiconductor device^. . . 

Unit Objectives : ' , 

^ The ftudent will be able to: 

1. differentiate between the characteristics of conductors, insulator^ 
or semiconductors, and identify specific examples of roatefialsi 
that occupy eacfi ca^te gory • . 

2. describe the fundamental purpose and importance of conductor? and 

' insulators in relationship to an electrical or electronic circuit. 

3. physically demonstrate an ability to properly strip both soUd or 
Stranded wire, and to verbally list the correct procedures to ^ 
employ in order' to obtain the aforementioned -results 

Evaluation ; , ^ , 

The Student will demonstrate his/her competence in terms of these 
measurable objectives based upon indi^dual instructors acceptable 
performaiice criteria, which may utilize a combination of written, oral, 
and laboi^atory testing procedure^. . , 



IiystructoW References ; ^ • 1 

Basic Electricity; Theory and Practice . - Milton Kaiifman and J. A. Wilson, 
^ MctJraw.lliir Book Company, im. Chapter: 3. 

Electricity ^nd Basic Electronics . Stephen R. Mati, Gdodhcart-lViUcox 
Lompany, inc. , 1^77 Chapter: 3 . 

Introduction jto- Electricity . Kurt Harding Schick, McGraw-Hill Book cijmpany, 

Hyerson Limited, iy75. Chapter: 6. % ^ ^ 

Overview ; ^ 

This unit was created primarily as a means to investigate-'ftirther the 
properties of practical types of conductors , insulators ^ and sem^/ljonductors. 

Unit 4 alsp touched upon some similar basic, electrical/mechanical 
skills to be learned, however, Unit 8 is more concerned with the specific 
electrical performance characteristics of these materials, along with 
expanding student competence in identifying, handling, and preparing wire. 

The main lecture theme. for all topics in this unit is that all ^ 
materials may be electrically classified. The particular classification 
can be determined by the number of electrons which can be easily forced out 
of their specific orbits, and this is sometimes technically described as the 
number or availability q| free electrons, 

A variety of apparopriate exercises,, laboratory ''experiments , and/or 
projects should be coordinated with all unit topics when feasible. 



;>U£i:csted Presentation Uints/Metbodolofiy : 

Follow the instructioTial module unit outline as a basic skeleton 
however, note the following: * , ' 

1. This unit provides an opportunity to explain .some related 

factors to> be considered when selecting or preparing conductors, 
so *if time permits, discuss such cons ideicat ions as types of 
wire, braids, multiple-wire cables, wire sizes, wire harnesses, 



2, 



3. 



lacing, and wire colo^C' code. 

Hopefully, in this uni't a variety of laboratory activities will 
be coordinated to assist students in developing or reviewing 
some basic mechanical' and electrical skills. Simple exercises 
on wire identification , techniques of Vire stripping, or methods 
of fabricating a wire harnesses can really help iT\troduce 
students to many basic assembly procedures. 
Wire stripping of stranded wir6 is taken for granted by many 
instructors, however, the correct technique is sometimes diffi- 
cult for students to acquire. When teaching this skill make an 
effort to explain what happens electrically and mechanically 
when strands are broken- during the strippinjj process. 
Generally, teachers focus entirely on conductors in this kind 
of a unit', so r'eraember do -^not overlook emphasizing insulators 
as a major subject topic. Two main discussion points can be 
that insulators are rated by the ajnount of voltage required 
to break down their insulating properties , and that insulators 
are selected according to the surrounldings in which they will 
function. 

Supplemental Activities and Demonstrations: 



4. 




ment of (wires) and their 
Materials can be mounted on 
tudent examination and 
ssed as one important conSid- 



Ij. Create a visual display of an assi 
protective coverings (insulation), 
a board and labeled to facilitate 
familiarity. Safety should be s 
oration for the utilization of insulations. 

2, A^ simple operating lamp circuit ^w^th a means to cut in and out 
a test section for cJiecking material conductivity, can assist 
tiie student in understanding thq, relationship of a conductor or 
insulator in an electrical circuit. Use a variety of material 
samples and observe the lamp for individual conductivity 
•characteristics f 

3, Bring in a coatainer full of different types of insl>iators and 
have the students X.ry to deduce the apR-lication of each one 

In structional Mod ule Contents: ^ 

. ' ' ' . 

1. Unit Outline (overhead) 
2.. Prt-Po6t Test (keyed) • * 




3. 
4. 
5. 
6. 
7. 
8. 



Technical Glossary 

^Worksheet (vocabulary) - Know Your Definitions 
Quest Activities ; ,^ 

(Gurreiyt 



Informational Handout 



Flow Through a Conductor) 



Informational Handout (Wire: Purpose and Application) 

t . • ■ • ■ 

Unit Module Answer Keys 



ERIC 



LII-U8-2 ^'^ 



4« 



The Flow of Electricity Through 
Conductors and Insulators 



k. Classification 
1. Conductors . 

2* Insulators 

3. Semiconductors 

Current Flow Characteristics 



0 * 
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UNIT EXAM 

THE FLOW OF ELECTRICITY T«ROUQ> CONDUCTORS AND INSULATORS 

IMPORTANT- , ^ . 

Indicate your responses bn the answer sheet only . Fill in 
the box corresponding to the correct answer ia each question^ 
there is only one correct answer foj each question. i 

1. A conductor provides a path through whifch electrons can freely flow. 
(TtF) r 



2. Plastic is a common (Conductor used on wires.' (t-T) 

Semiconductors contain five vAIence .electrons. (T-F) l 
4. An insu|ator offers a difficult path for electron flow. (T-F) 



5. Gold' has the lowest resistance to current flow, and is known as the 
best conductor, CT*F) 

6. The "effect" of an electric current moves at approximately the speed 
of light. (T-F) ^. 



7. Semiconductor materials have few uses in the field of electronics, 
. , and thus are not important subitances. (T-F)^ 



0 8. In order to cause electrons to flow through a wire, a voltage must 
first be applied. (T-F) . , ^ 



9. Stfanded wire consists of one very flexible central conductor coated 
with an insulator, such as rubber. (T-F) , 



IQf Electrons 'flow tiWough a circuit from negative to positive, (T-F) 

♦ 

!!• Copper and aluminum are 'the two most common conductor materials, (T-F 
Er|c \ LII-U8-4 f 



InsuXatori'j such as ^lass, andiceraiaic* aye 'used when very high 
voltage is present, (t-F) 



,1 • - 

T|ie best conductor ^for general electronic work is: 
CA) copper, (a) aluminuB, (C) silver', (D) tin. ^ 



Good insulators: 

(A) have 8 electrons in their valence shell, (B) are compounds, 
(C) do not conduct electricity, (DJ-all of the above. i 



t \ . 

i. -i, 



A semiconductor acts: - 1 

(A) as an insulator at high temperature, (B) as either an iiisulator 

or conductor, (C) as a conductor when it contains no impurities, 
CD) all of the above. 



} 
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N ane : 



l}ate{ 



Period: 



CliAIN REACTION: 



QiEMICAL 
STABILITY: 



CONDUCTOR: 



dielectric: ^ 
Aectrical 

IMPULSE: 

FREE ELECTRQiN: 



INSULATOR: 
SEMI CONDUCTORS : 



SPEED OF LIGHT; 



STRIPBING: 



TECilNICAL GLOSSARY 



A series of event's Which tfccur iui rapid order, due to 
some input or "starting" .^lction. The toppling of a line 
of dominoes, or the flow of electrons through a wire are 
common examples of chain reactions. * ^ 

An indiction of an atom's tendency to mix or. react with 
other atoms* Generally, an atom with a full valence, shell 
(8 outer electrons) will be Very stable and thus not 
react chemically or electrically. An atom with only one 
valence electron, on the other hand is very unstable ,*and 
thus very chemically or electrically active. 

A material through which an electrical current will easily 
flow. Conductors contain many free electrons which 
contribute to current flow. The best conductors contain 
only one valence electron and are metals. 

A term used to describe an insulator. Thus, a dielectric 
material is also an insulating material. ' ^ 

The chain reaction caused when an electron is forced into 
a circuit, simultaneously causing another electron to 
leave the* circuit. This electrical impulse, or ^ain 
reaction, continues throughout the circuit at th^ speed 
of light, as long as pressure is applie^d. * 



Electrons vrhich are^ removed from the v&lence shell of 
their atom, usually by electrical pressure, and are 
fYee to move through a wire or circuit. Free electrons 
moving in the same direction through a conductor produce 
an electric current, . 

A material which doeS not allow current flow. Insulators 
contain' few free electrons and therefore do not provide an 
easy path for current flow. The best insulators contain 
eight valence electrons and are, compounds such as plastic, 
glass , etc. * 

A material that can act as either an insulator or con- 
ductor -depending t^on its temperature or chemical 
purity. Semiconductors contain four valence electrons 
and the most common eicamples are silicon and, germanium. 

The speed at which light travels through the atmosphere. 
This speed has been, established as '300 ,000 ,^00 meters per 
second. Recall, an electrical impulse will travel through 
a conductor at the speed of light. 

The process of removing the insulating material (plastic, 
cloth, enamel) from a wire or conductor. 
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SCQgH : 
GRADE : 



WORKSHEET 



Naiie: 
. Date: 
Period: 



f ■ 



VOCABULARY - KNOW YOUR DEFINITIONS 



Develop a short definition, using your own words, for the following terms 





CONDUCTOR* 








\ 


•V' 




2. 


INSUL/^TOR: 












• 


• 

• • 


_ 




- 




SB MI CONDUCTOR: 
















: ' ^ • ■ ( ■ 


\ 

liJ_' ' ' * ' - " 




4. 


FREE ELECTION : 


' ■•>•,■ ■ ^ 








■ . ■ '^^ 




. For the following vocabulary terms, 
and clarify your "word" definition. 


include a sketch to enhance 

\ 


% 




iff 

CHAIN REACTION: 




\ 


* 

* 


♦ 

♦ 


• » ■■ 






ELECTRICAL IMPULSE: 























\ 




WORKSHEET 
QUEST ACTIVITY 
"aNIT 8" 



Mane: 
Date: 
Period: 



\ ■■ 



sJjiitf^^L?.!^?*'^* experimental technique Ceontinuitr tester, ohBueter. 

""es lamp circuit) or a research procedure (test boSk, and/or " 
iSsSlatir^'"^^'"'''^ -^^"5"*y th, following J^atcrials as either conSrs . 
^li^'U ?he "g^Tr'vxde°5! ' '^^^^ T"'^^" °' your res. arbh 



1, copper 

2, plastic 

3, cloth 

4, steel 

5, enamel h 

6, gold 

7, silicon 

8, glass ; 

9, ceramic * 
10. silver 

1^ germaniiuD 

1^2. aluminum 

13. mica 

14. paper 

15. carbon 

16. wood 

17. aiy 

18. lead 

19. paraffin wax 




^4 



□ 



•J 
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♦ Name : 
Date ! 
Perj-ocJ:. 



The purptS^* of a conductor is : 



The pjurpose of ah insulator is: 








* ■* 
• 




» 


.... ■ ! 



List the three "iest" conductors for electrical > 23A. j 
current flow, 

23B. j 



23G, 



The wire most commonly used for electrical 24.- 
^conductors is made of soft, , 

Conductors contain many electrons. 25. J 

Tlie most common semiconductor materials are 26, 
s'5HLsicon and , f 

Wire strippets are designed to remove the » .27, 

, from wires. 



List one desirable feature of solid wire. 





• '■ / 




Name oue* advailta^e stranded wire has 


over solid 


wire. 




\ 


* <• 


When a power cord uses a heavy gauge 
plastic insulation or asbestos cloth- 
it indicate abou^t the load device? 


wi«re with 
insulation 


thick • 
, what < 
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■ • ■ Date: 

% t Period: 

INFORMATIONAL UANnOUT ^ 
CURRE.NT FLO\( THROUCli -^ CONDUCTOR: 



Blei^tTical current flow is caused by an orderly flow of electrons through 
a-circuit or tonductor. You will find, that each time an electron enters 
a wire or conductor, another electron will be forced out of that conductor. 
This acti^on is similar to the flow of energy throuph a jlong xow of. blllatd 
balls as shovftf beldw: ^ ^ 




FLOW 



When the first ball is struck, the force 
is transferred from ball td ball until' 
the last ball is forced from the row. 



In a conductor, the valence electrons of )the copper atoms, in' effect 
become the billard .balls. As the source or voltage forces an felectrdn 
^n^o the wire, that electron will enter a near by valence shell, forcing 
.<)ut the "resident'* electron. This now free .electron will in turn enter 
another near-by valence shell, forciog out its "resident" electron. 
This procedure continues until an. electron exits the end of the wire. 
Although this' procedure speins complex, it occurs at a very rapid speed 
300,0^0,000 meters ger second, or the speed of light. 




OUT 



The electrical phenomenon pictured above 
is known as an electrical impulse. 



It may seem peculiar, but an individual electron -moves rather slowly 
through a wire - approximately .JU.yZ| millimeters per 'second (4. 28 inches 
per second) - but, the total effect jofan electrical current travels at 
the speed of light, which is......../. . . i 



S- 



186,000 miles/sec. 



Name: 
Date : 
Period: 

INFORMATIONAL HANDOUT 
WIRE: PURPOSE AND APPLICATION , 



v.- 



PUpoSE - 



insulation 




Wire IS an essential part of all electrical circuits and you should 
review below some "of the ampdrtajit~ factors to J^e considered when 
selecting or using wire, • ^ 

• , ■ " ' . . ^ 

A conductor fwire) provides the path or highway for the movement of 
electrons, and many times wire is covered with insulation^to keep 
the current safely within the wire. ^ 



CONDUCTOR T 
CaNDUCTOR. - 



Insulator" - wire 
insula^or^- bare 



1^- 



WIRE 



Types of Wire - 



Solid wire is usually made from one thick copper thread. It is ea?y to 
"^^^f.^nd to solder, yet, when a lot of physical movement is necessary • ' 
Xhis kind of wire should not be used. You can purchase this wire in a 
variety -of outside' colors and sizes.. Components like resistors, capacitors, 
inductors, and transformers have solid wires (lead's) extending from the 
body of the device. so that the component may be connected securely to 
the circuit. / i 




USAGE EXAMPLE: Solid wire is used to complete electrical circuits in " 
the walls of homes, schools and. industries, n 
■ . . • ■ - , • ■ ,' - 

Stranded wire is made from a bunch or group of copper- tji reads that- have 
been twisted together to appear like one wire. When flexibility is 
important this is the type of wire to use," Rementber that you must really 
be careful when stripping this kind of wire or some of the strands will 
be destroyed causing the wire to be both' mechanically weak' and not able . 
to handle all of: the' current flow. * Stranded wire i$ general ly" ^ tinned 
with solder ;,^befbre being connected to a circuit pcj^int^' - 

USAGE EXAMPLE: Stranded wire is used in oables, app'liadces, and extension 
cords. . - — 7 ' 

WIRE INSULATION '.^5^ PROTECTION 

Most wires are 'covered by some kind of insulating material to prevent 
short circuits and dangerous accidents! Look at the various types of 
coverings associated with each kind of wire on the ' folloWing page, ^ 




\ • 
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' Mane: 
. Date: 
Reriod: 



[insulations 



ename 1 




varnish 



plastic 



rubber 





rubber ■• • . ' ■ | 




plastic j 


jinsxilations,^)>" 


cloth ." .; 1 




fiber, glass j 




SOLID WIRE 



STRAMDkD WIRE 



^ WIRE SIZ 

"Rie American l^re Gauge (Aivq) , number is a system *of describing 'by' Vumber;i 
. tlie $ize' or electrical capacity of the>ire. The larger , the wire number, 
the smaller the diameter of the wire. Of» course, it ik important to - 
select the proper size of wire for the Jfob at hand, -\ ' - * 

NOJTE: A wire gauge ^is a -device that 'can i)e u&ed to determine -^the'^i^l^ pf 
■ wire.. ■ * . * * " ■ ■ . ■ . '■ '■• • ■ • \. ' ■'■ ^ ■ . 

,■■■*■■ ■■ . ' ■• i"** <, ■ , {>■ . - ' 

SIZE- EXAMPLE:- ^A #20 wire c;an carry less qjltre^^t th Ah at#10 wire,because 
- the *20 ,ivs physicaX-ly sij^let" in- size,, hen'ce . less- pqrrent can- txavel , 
thrdugh.this wire, - , , - > - 

6 e. 



FLOW 




0 © er^G 



«20 




.WfftE IN GENERAL • >st ' ' ' . 

Most , wire, is how made frpm cd^tper' because i't is ^uch a gdod\cGnduc'tor of 
.electricity -and can b> purcKaifJed at ,a fair price. .Silver) is rate'^ as*^ 
better conductor, h owe ve r,^ i t 'irs. fa£ more' expert si' Ve which ! ^le an s .fn creased 
j:ost, thus,,it is seldd'jn .uSe4 by' "fastnufactu'ters - • ' ' ^ • ^, v - .' V • ' 

v^"-:. v_-- ' ■ - ^m. '■ - ;. 






T F ■ 
A BCD 



-liXAM LH US 



^amc : 
DateV 



T F 
A BCD 



t F 

•A 



"J" p 

AB C D 



• . 7; 

10. 

12. 
■ 13. 
•*14*. 

17, 

* 18. 

, % 
•20. 

22i, 
> 23. 
2.4. 




J- r 



■i--. 35'. 

r 40; 

4 2 ; 
•43. 

46. 

.47": 

t 

; 50. 













.- J. . 


/ 
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1 


—7, 




» 












■ ' ; " 


/; 


C 






i * 




■ t 
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■ - v. 
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; N. 
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51. 
52. 
53. 

55. 

5 7. 

(SB. 

5^9, 
60. 

63. 

-^^'^^ 
' 65. 

64). 
.t>7.. 

-.69.; 
'^70. 

73. 

:;.74. 
75 . 
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— — 1 




s 




















V 
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V 




V 




i 




> ■ 


. f 




1^ , 
























-■ ^ . 
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«k ^ 
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76. 



. : 79 . 
- 80. 

jB2. 
^ 83. 

' 84; 
85,' 
86. 
87. 
•88, 

. .9o;i 



:eric 



, *,^how work for problems on back oJ" answtyr .shaet. 



. 93. 
94'. 

95. 

96 i 

< » 

,97 . 

'^48. 

1.0 u.- 

■ / 
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ANSWER KEY 
UN I T S 



^ Csubjectdve answe.r) 

2 , tsub jccti ve/. answer) 

3. ^sub jective an^t^er) 
V -^i::- (subjunctive answer) 

. S • Csubiefytivc answer) 
- fr^ (subjective answer) 



B. QlffiST ACTIVITY., 



1. 
I. 
3. 
4. 
5'. 
6. 
7. 
8. 
9. 



I* 



coniluctor ' . ' - ^ 
insulator ' - 
insulator. > ' v i 
conductor ^ \ 

insulator ; ^ . • W 
conductor . * 

seioiccjnductar -/ " * 
insulator * ■/ 

insulator . , ^ 
. Conductor 

11 « semiconductor <^ ^ 
• 12 4 conductor , 

• 13, insulator , , ! , 
; 14.. insulator 

* Is, conductor 
. ..16. iiilsul^tor 

17^, ins ui at or 
~ ' 18." conductor 
Vdm ijisulAtor 
: 20. conductor . 
.- ?li to. ai'iow cuifreht to floy/, 

22, to., block current flow. 
' .23A.^ ' silver 
23B. * gold 
23fC.^ 'copper 
' 24. copper 
25. *fre? 
'26. germanium 
27^ i.nsulatio 
28; easy to fciirm 
r 29^ flexible 
. -10^ load yillf j^raw considerable 
■ current. ■■■ \' 



\ 

r 
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ELECTRICITY / ELECTRONICS 

CURRICULUM GUIDE 
INSTRUCTIONAL MODULE 




ST^TE^F CALIplfimA 
DEPARTMENT OF fDWeATION 



NAME. 



DATE «tARTED. 



DATE COMPLETED. 




5Y 

R. IE. LILLO 
fe. SbFFIOTTO 



ERIC 



'state ELUCTlUeiTY/tLtClRONl^S CURRICULUM GUiUL 
INSTRUCTOR'S GUlDU TO ACCOMPANY LEVEL II UNIT #9 



Title of Unit ; The Electrical Teaia 
Tiwe 'Allocation ; 2 weeks 
Unit Goal: 



To investigate and transmit those competencies related to identifying 
{uhdaiiient«I ^electrical quantities and their units of peasurement, and 
.to attain student competence in the me aslireroent techniques necessary 
for monitoring -th^se quantities^ 

Unit Objectives ; * , ^ 



The student will be able to: 



1. identify and differentiate between the basic types of electrical 
V quantities and their corresponding units of measurements. 

2. >compare and contrast the application of meters used in measuring' 

simple electrical quantities, 

3. .demonstrate ^the proper techniques to employ when reading a typical 
metefT^'s^gale , and to explain the necessity of an accurate 
measurem^t. 




Evaluation : 

V I . ^ 

the s<tudent will/ demonstrate his/her competence in terms of these 
measurable objectives bashed upon individual instructors acceptable per' 
formance criteria, which .utilizes a combination of wrdtten, oral,- and 
'laboratory testing procedures. 

Instructor References ; ' 

Electricity One-Seven . Harry Mileaf, HayUen Book Company', Inc., 1976. 
Chapters : EietJ*ricity Two and Electricity Five. 



Elements of- Electronic^ . Henry V. Hickey and William M. Villines, McGraw- 
Hill. Sook Co., 1^/^. Chapters: 3., 5, 8, 9, 12, and 13, 

Understanding Elect r4 city and Electronics .* Peter iJuban and Marshall L, 
Schmitt, McGrawlHill Book Co. , 1^75. Units: 2, 9, 10, and 11. 

Overview: - / . 

tpveral basic corop^t^cies are introduced in this unit, and these 
encies can ^erve as a sCiiU foundation for succeeding technical units 
throughout this level as, well as future levels if they are acquired. 

The unit should be presented carefully in terms of content,^ First, 
the idea that must be stressed is that electrical quantities are indeed 
' necessary to define and that these quantities operate as a team when per- 
iorming within a circuit. Once the definitions and fiinctiVns have been 
firmly established' in the mind of the student, it is relatively eas)^ to 
associate letterv symbols or units pf measurement with the proper quantTty, 
The. next major topic should deal with measuring procedures and raeter^ 

usage. *Look out* because this area of instruction may be critical for 

successful laboratory work, and without adequate instruction meter mor- ' 
^ tality will be sky high, ) ^ ' ' 

. ^ y LII-U9-1 . " * 



( 



Sufigosted Presentation llints/Methodolofly ; 

Follow the instructional module unit outline as .a basic skeleton 
for ci^riculum presentation ^ however,- note the following: 

1. Be aware when explaining simple terminology that very often first 
exposure to technical expressions can be misunderstood by the 
student. Spend a significant amount of time reviewing what these 
terms, voltage, current, and resistance mean, then briefly 

\ explain their relationship with eacK other. 

\ 2. Do not be afraid to use the art of repetition as a means to drill 
or impress students with specific units ^ot measurement or letter 
symbols. Use the blackboard also as an effective vehicle by 
listing a variety of terms arid/or units , then' let the students 
match up the correct pairs. 
.3« Meters and measurement are vital instructional concepts espe* 
cially for future laboratory work so it is worthwhile , to ; rp- 
. emphasize major instructional points periodically, illustrate 
1^ \ methods of meter connections, uti lize managers , or advance stu- 
L dents to assist in supervision and instruction,, and coordinate 

measurement activities so that electtical quantities are not 
measured in succession - E, I, and Ri Careful presentation of 
this topic will enable both instructor/students an opportunity to 
maintain a positive laboratory attitude. Caution - since time 
allocation is always so critical* in the classroom, focus' your 
^ attention on meters common to your laboratory and note at thi,s 
level, many instructors completely omit laboratory exercises based 
on ammeter usage because of obvious problems in misuse. 
Supplemental Activities and Demonstrations ; 

!• Write, using school st^itionary, and ask for free-^hdol visual 
' aides or handout materials related ttf meters and m^^urement. 
Addresses are easy to obtain Jroni large meter manuf abtiirers such 
as; Simpson, Triplett,- Weston, RCA, by simply contacting' your 
local electronic p^rts dealer.* Don't be shy, ask for classroom 
sets and if less arrives make a bulletin board display-Good Luck! 

2. Prior to any .discussion on meter reading, budget an appropriate 
amount of tim^ for instructing educationally disadvantaged stu- 
dents in terms of ruler or scale reading. Believe it or not 
many average students have difficulty reading an ordinary measure 
ing device, so use this as a beginning poift, then, transfer this 
kind of measurement^ reading to meter scaleis pand their divisions. 

3» Demonstrate a variety of meters, however, try to include small 
panel meters, meter .instruments and digital measuring devices. ' 
Instructional Module Contents ; 

1. Unit Outline (overhead) . » ' 

2. Pre -Post Test (keyed3 

3. Technical Glossary . ^ ^ f 

4. Worjfsheet (vocabulary) Glossary 'Cryptics * ^ 
'5. Worksheet - Shpp Meter 

6. Worksheet - Reading Meter Scales . ' 
.7, Quest Activities . 

8. Informational Handout (The Electrical Team) ' 

9, Informational Handout (Procedures in Readi^,ng a Meter) ' 

10,, Informational Handout (ilow to Use a Meter* to Measure Voltage or^ 
' ' Resistance) . ^ " " " ^ , 

• 11. /unit Module AnswerJ Keys / , ^ 
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ifie Electrical Team 

Basic Electricat^uantities 

1. Voltage . 

2. Current 
Resistance 

B. Letter Symbols . 

Units <if Measurements 



4 



1 



D. ' Meters for Measuring Electrical 
Quantities 



1 : 



1 



Ui 1 

LI1-U9-2;' ' • 



^ . ' ■ ■ " - Test^, Number 



UI-U9 , * • mil EXAM 



THE ELECTRICAL TEAM 



IMPORTANT- / 



Indicate your response on the answer sheet only * Fill in, 
I' the box-corres^jonding to the correct anst^er to^each question 
there is only onfe correct answer fot each question. 



1. - The letter syiflbol fo'if;, voltage 4s V, (T-F) 

■ . ,} ' ' ' _ • ■ ' 
' ' ■ , ' . . ■ >i - / .. '. . * ' , '■■ •- " •■ ' 

2. Voltage and electromotive forcfe mean the sarae thing; (T-F) ' 

3. The syjabolo«^, which" appears* on some ohm^cter scales, means , <L 7 
/ infinity. (Tm/. ^ V . , , V f 

4. Zeroing a meter is necessary to achieve accu^at^ measurejnents, ' (T-F) 

• • > ■ ' . , ■ ^ , • ■ p . «- . 

5. Electron flow in a DC c:^rcHit is always f rpifi Wfi^a^ive td positive. ' 



6. • To measure a UC voltage dtop, the meter is connected across a.resistpr 
and polarity must be observed. (T-FJ. " . ' / 



■7, When taking a resistance measurement, t^e circuit being tested may -be 
'1^ on» or turned off, (T-F) ' ' ■ , . ' " ^- 




«• 8, Both "current and voltage move or flow through-. a circuit-, (t-F) 



9. . The function switch on a meter is used to set the needle or' pointer 
to zerp. ' CT-F) . • ' , ' • - . 



10, When measuring an, unk^n own value tof voltage, the meter range .switch 
^' Should be set in its highest position. IT-FJ - 



11« The basic unit of measures^nt for voltage is the 
CA) watt, iBj ohm, CC) ampere i volt. 



iZm The letter symbol for current is : 
CA) C, IB) 1, CO A, (D) E. • 



13. 



14. 
IS. 



"XI" is the electrical symbol lor the: ' , 

(A) vort, IB) ampere, (C) resistor, (DJ ohm. 

. . ■ ■ - ■ ■ ■. .■ ■ . 

The orderly flow of ^electrons through a circuit is known as: 

(A) current,^ (B) electromotive force, (C) resistance, (Dj power. 

The electrical quantity which opposes the flow of electrons through 
a circuit is called^ 

(A) voltage, CB) jesi&tance, (C) ohm, (D) current. 



16* A multimeter is generally able to measure: 
CA) voltage, W current, (C) resistance. 



(D) all of the above. 



For questions 17, 18, 19, and 20, read and record the value indicated by,, 
^ each pointer/scale combination, • ^ 






H 












• 



18. 19 




17. 
18, [ 
19. 



10 20. [ 



ERIC 



.LII-U9-5 



137 



Name : 

i 

Date : 
Period: 



TECUNICAL xGLOSSARY 



AMMliTHR: 



AMPERE: 



CURRENT: 



DEFLECTION: 

4 

DIGITAL 
MULTIMETER: 

ELECTROMOTIVE 
FORCE: 



FUNCTIOiN SWITCii: 



INFINITY: 



MEQIANICAL ZERO: 



METER: 



MULTIMETER 



NEEDLE: 



OHM; 



OHMMETER: 



'J 



An instrument designed to measure electrical current 
flow, Symjiol: /g> 

The basic unit of measurement for current flow. 
Letter symbol: A^ \ , 

the orderly flow of electrons through a circuit. Current 
is measured in the basic unit amperes or amps. However^ 
milliamperes and microamperes are also used as units 
of measurement. Letter symbol: I . t 

The movement of the meter pointer from the zero position, 

A multimeter whose input or n^asured V3lue is displayed 
directly as illuminated digits or numbers, Abbrev. DWf 

The pressure that causes electrons to move through a 
circuit and also referred -to as voltage. Letter symbol: 
E, Abbrev: EMF 

A meter control used to select the electrical quantity • 
(voltage, current, or resi-^tance) to be measured, ' 

An extremely large value that continues indefinitely. 
Symbol: ^ ' , 

An adjustment to the meter movement which mechanically 
sets the meter pointer on zero. This adjustment is 
necessary for accurate measurement. 

A device to measure electrical quantities; such as 
voltage, resistance, frequency, etc. Symbol: /-^ 
Letter symbol: M { *~(M 




A meter designed^ to measure more than one electrical 
quantity. Klost -multimeters can measure AC and DC voltage, 
AC and DC current, and resistance. 

The indicating device on, a m^ter, sometimes called the 
pointer. The needle an^ scale are used iji conjunction 
to read the indicated value. . 

The basic unit of measurem^t for resistance. Letter 
symbol: 



An instrument used'to measur^ electrical resistance in 
ohms. Symbol: 




LII-U9-6 V 



Name: 
Date: 
Period: 



POLARITY: 



RANGE SWITCH 



RESISTANCE: 



SCALE: 



The property af a device or .circuit deteMining the 
direction \in which current flows. The quality of having 
two opposite charges, one positive (+) and* the other 
negative (-). Polarity can also refer to the quality of 
having two opposite magnetic poles, one north arid one 
south. o 



A basic meter control used to select the maximum value 
which the meter can measure. Many times the range switch 
is used as a multiplier. 



A measure of the opposition that a component" or circuit 
offers to the flow of an islectric current. Resistance 
is measured in the basic Unit ohms, however kilohm, and 
megohms are also used as units of measurement. Letter 
symbol : R 

Line or arc found on an instrument' face with /gradu^atipns 
or increments that have an assigned value, ^ 
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SC6rE: 
GRADE : 



WORKSHBBT 



GLOSSARY CRYPtlCS / ; ^ 

p ' ■ '. - ■ , ■ ' ^ ■ ■• • ■ 

• • • ' * ■ ■ \ ■ 

Decode the. cryptic messages be low to identify thc^ electron|.c term. 
EXAMPLE^ .. " ■ ■ ^' K ■ : ..; . 



A, 







3. 




4. 




plate 



^ 1 EXAMiyCr^ 




A. I 



1 



-LII-U9-8 



91 , ^ 
J- .7 



■Name: . 
Date;> ^. 
Period: / 





WORKgHEgt 
SHOP HETER 



Name : 
• Date: 
Peri ©4; 



1" At?g!t S^ranS?^! -. accurate d^vi^g o£ ti;e>,o^ WteV. 




c 





.ft 
.1 ^ 



In 
it 



J!!®!,^^*'^? P^pvided,. describe lihe purpose of the shop neter whv iir' ^^- 
such an important jjiece of test eQuipmeTit? , ; ^ ^^^^^W 



iv -:«■■ 



1- 
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SCOfiE : 
GRADE: 



WORKSHEET 
READING METER SCALES 



Period: 



mm 



Road ind record th« vliXue indicated by the. sceie/pointer coabinations 
below: ^ : 



1. 



2. 



II I ill! 



lilCil 



nutmtltiiiiiNiiiiirmi — 



B. - C. 




IA. [ 

IB. [ 



le. r 



2A. ^ 
2C.r 



3D. r 



V. 



4. 




\ 4A. [ 

4C. [ 
4D. [ 



1 , 


"1 


1 


1 


1 i 


■ „l 


1 ' 


■:i 



ERIC 



LII-U9-X1 



193 



GRADE: 



WORKSHEET 
QUEST ACTIVITX 
•'IWIT 9" 




MATCHING tl . 
1. Volt«ge 
2* Resistance 

3. ABpere 

4. Current ' /- f 

5. .Volt . : .' . . \ ■ 

, 6. ■ 0I>»/ ' ' ■ ■■ ,/■ 
MATCHING 12 ' 
7/ Awwtbr 

8. VoltM;ebr\ 

dhajM^ter 

Mtiitiiieter 

iust be connected across 
the coaponent. 



A* 

/B. 

C. 
D* 
E. 
F. 

G. 
H, 



V 
0 
I 
E 
A 
R 
C 



2. 1 



A 



3.C 




All power Bust be off in 
Circuit, 

Selects! teode of operation; 
what is to be measured. 

ets naxinuB value that 
fc^ be oeasured.^ 



A. 

B. 
C. 

D. 

E.. 
F. 

G. 



H. 



». r 



Measures, insist ance 
in ohMS* 
Functi<M) switch 
Measures voltage 
in volts 
Voltaeter 
Ohaeter 

Measures current 
in aaps* 

Measures voltage 
ip volts, current ^ 
in asps and resis- 12 « £ 
tance in dtasi ^ 
Range switch '' 



10. r 



nt[ 



13; [ 



3 



3 



is,/ The basic unit for aeasuring electrical current 
is the . ^ 



IS. 



The force or pressure which causes electrons to 
through a circuit is oalled • . 



aove 



16. [ 



17. 



18. [ 



! • . -is- the actual orderly flow of electrons 17. f 
tn rough a circuit. 

18. The basic unit of aeasureaent for resistance is 

' the . 

is a aeasuroMnt of they opposition that 19, T 
a conponent or circuit offers to current flow. 

Voltage is aeasured in the basic! unit / . 



t 



20. r 
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4^ 
if 



Date : 



2.1. 



■^22. 



When jaeasuring an unknown value of vgltage, the 21/. 
range switch ^hould be set .to its 
position. 



What is the purpose of the zero adjust control on a meter? 




23. bxplain what is igei^nt by the expression "observing polarity." 



* 




r — ' — 

. . ■ \\ 


1 • ' • ' 




ft 











24. 



Draw' a, sketch which illustrates hqw a ine'ter should*be connected to 
measure voltage. 




2S. Draw a, sketch showing how to connect a meter to measure resistance. 



t 

. . *^ 


f 


















i.' 




« 




* J 

r 


• 
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Period: 



I N FORMATI ON AL H AMDOUT 
. TlIE ELECTRICAL JHA^1 



\ 



Current "• I 



WHTAot provides 

the pressure ' ' 
whicfj 




* 



through a 
circuit 



iKwttAiict opposes 

thf fljpw of 
electrons. 



<9 



Units of Measurement 



Voltage is measured iii t|ie basic unit 
Current is measured in the basic unit 
Resistance is measured in the basic unit 



volts (V) 

amperes [K) 
ohms (n) 
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Nam : 

' pate; 
Period: 



• INFORMATION)^, HANDOUT 



PROCEDURES IN READING A ^£T£R 



/ 



• ■ • • . - 

|he sequence below should be utilized as s reference guide when reading 
•a aeier, 

1. CHECK THE FUNCTION SWITOI . 

' 4 

* 

Determine what quantity is being measured* ' \ ' 

2. LOCATE THE METER SCALE . 

Hind the scale that matches the quantity set on the function 
switch, * ' ^ 

3. READ THE SCALE . • 

Read the value where the pointer comes to rest across the 
>cale divisions. Be sure you are looking directly at the 
scale to avoid paraUax problems.) 



4. 



CHECK THE RANGE SWITai ^ 

Identify the range position, then determine the multiplier; 

5. MULTIPLY THE SCALE READING . ' ' 

Multiply the iS^ading oji the scale by the multiplier indijcated 
by 'the range swi' 

6. THAT'S i\LL THERE IS TO IT - YOU HAVE READ %E ^ffiTER. 

When yoti record the. value you have read, be 'sure to also record 
* the quantity measured - volts / ohms , or amperes. 
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' ■ ■ Date; * . . . _ 

. ' " ■ ' ' '■ ■ ' ■ ■ 

\. . Period: . • " 

• INFOR>iATIONAL iiANDOUT 

HQW TO USE A METER TO MEASURE VOLTAGE OR RESISTANCE 

* * ■ - ■ ■ ' . ■ ■ . 

SET TllE FUNCTION SWITQl 

Adj.ust ,the function switch for the electrical quantity >;ou want to 
neasure. . . - ♦ , N 

Identify the quantity ^eing. iDeasured - DC voltage, AC voltage, of 
resistance- and select the one proper function switch position. 

' : . . ■ " ■ . . . . 

SET THE RANGE Stfl'TQi ^ ' . * . 

Caution laust bei used when setting the range switch. When using the 
voltage functions 'be sure the range s%rltch is s^t in a high enough 
^^lO^tion so you will not peg th^ meter. * 

HINT: If i^asuring an unknown value of voltage set th6 range switch 
to' the highest position.. 

In the ohmsv function, the range position is not critical. Select 
t^e position that will move the pointer closest to aid-scale. 

. V ■ • ■ ■. ■ .. .. 

ZERO TliE METER - ' 

Be sure to zero the ieter. 'This will insure an accurate Bcasurewent.* 

ZEROING PROCEDURE: 

• 

a. If available, adjust.the "mechanical zero" so that the meter 
•indicates zero. This adjustment is niade when-the meter. is off. 

b. Zeroing'fbr voltage. Turn the ineter on, and allow enough time;, 
for stabilization. Connect the test le^ds together, and use 

■ the zero adjust coatrol to set the indicator to zero, 

c. Zeroing' for resistance. After your meter has , stabilized, 
connect the test leads together and adjust^ for zero resistance . 
with either -the zero adjust or ohms adjust (depending upon the 
type of meter).' Disconnect^ lea^ds and adjust for infinity. The 
last two steps may. have to be 'repeated to achieve accurate 
zeroing. */ V , ' . 



CONNECT THE METER INTO THE CIRCUIT 

A. Voltage connection ' 

When measuring voltages (AC or DC) the'wQter must be connected 
. in parallel with the circuit. 

LI1-U9-17 

- . I.9.q • 



I 



pate: 
•Period: 



Also, be sure to observe polarity when aeasuzin^ DC voltage^- - the. ' 
positive lead o£^ the neter must be connected to the positive side of 
the circuit. Th^ negative i^ad must be connected to the negative ^ide 
the circuit. 



of 



NOTt: 




If the reading is below the usable portion on the voltage scale 
the range switch may be stepped down one position for a more 
acc\irate reading. 



B. Resistance connection . 

n measuring resistan,ce the meter must be connected in. 
ies with: the resistance being measured. *^ 



When 
series 



'Be sure that there is no power applied to th^ circuit when measuring 
resistance. , * • 

The best way to accurately measure tlie resis'tance of a r-esistor 
is to remove it from the circuitf. 

The ohm meter is a valuable instrument for chocking /Continuity 
of both components and circuits. 

F^olarity need not be observed in th'is kind of measurement. 
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NOTE: , ^ 

An accurate reading will b« achieved if the needle is close to the 
middle dl the scale. Varyv the range' switch to locate the position 
where the pointer moves closest to the center scale. 
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Name: 
Date: 
Pariod: 



S. REAU m METER 

Read, the value indicated on the meter. Refer to your handout 
"Steps in Reading a ifcter" for a tep by step procedure. 



6 TROUBLESHOOtING iilNTS 



a. 



/ 



d. 



CoBBion caiises of neter malfunctions, 
r) open or damaged test leads 

2) weak or dead batteries ^ — 

3) blown fuse or reset 
4} damaged meter circu|t 

S) improper meter connection 

.tte sure to re check your sero adjustments if you have changed 
the funjction or range switch. 

-CAUTION - do not touch the 'metal tips on the test leadi when 
making measurements. 

Double check all .connections before turning on, power or tak^ing 
measutement^_. 
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1. 

2, 
3. 
4. 
S. 
' t». 
-7, 
b. 

y. 

10. 

11. 

12. 
13. 
14. 
15, 
10. 
17- 

18. 
19. 

2U. 
21. 
22.. 
23. 
24. 
25. 
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2 








5.4 

f i i 


7.5 


1 


I 

7 , 


J ... 













































Nautc: 
Date: 
Period: 



TF 
ABCD 



T F 

ABC D 



26. 

27, 
2a. 

2y. 

30. 
31. 
32. 
3,3. 

34. 

35. 

30 « 

37. 

3 b. 
5y. 

40. 
41. 
42. 
43. 
44. 
45. 
40. 
47. 
48^ 
4i). 
50. 



















* 
































































■ 












m 






























< 








• 







































































51. 



00. 
07. 

08. 
09. 
70. 
71. 
72. 
.73. 
74. 
75. 















































































• 




■ • 






















































































































" 1 




T 

ABCD 



76. 
77. 

.7«, 
79. 
80. 
81, 
82. 

V 

83. 
84. 

85. 
86. 
87. 
88. 
89. 
90. 
91, 
92. 
93. 
94. 

95. 

96. 
.97. 

98. 

99. 
100. 





• 












• 






































J 
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♦Show work for problems on back oi* answer sheet, 

♦ 
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ANSWtR K£V 
UNIT 9 



A. GLOSSARY CRYPTiC 



Im meter 
2* voltage 
S* ^current 
4« ohn 
S» ohnneter 
6. Bttltineter 
.volt 

aspere 



7. 
8. 



SiiOF METER 

(subjective evaluation) 



C« RliADI^^G miUR SCALtS 

lA, 1/2 inch 

Itt,, 1 3/4 inch 

IC. 2 7/8 indi 

2A. 7. IDB 

'2tt. 1,8 on 

2C« 2.4 cm 

3A. 10 volts 

3B. 22 volts 

3C. 3b volts 

3U« 48 volts 
4A* * 2 volts 

4tt, 4.5 volts 

4C, . 7 volts " 

4U. 9.5 volts 

5A. 2.2 volts 

SB* 4,6 volts 

SC. 7.8 volts 

5U. 9.4 vo-lts 

6A. 20& ohms 

OB. 35 ohns 

6C. 9 ohms 

''6U. . 75 ohjns 

7A, 300 ohms 
7B. ' 40 ohms 

7C. ll ohms 

7D. 2.5 ohms 



7.. F . , " , 

8. C - • 

10, c . ? 

11. D 

12. E 

13. B 

14. n 

15, aupote 

16, voltage 

17, current i 
lis, ohm 

19, resistance 

20, volt • 

21, highest (maximum) 

22, adjust the meter to 0 bn the 
scale for vpltage and current. 

23, connecting the meters* 
negative terminal to negatiS^ 

, polarity and the positive 
meter terminal to positive 
polarity. 

24, a voltmeter connected across; 
the load with power applied 
to the circuit, 

25, an ohmmcter connected across 
a load with no power applied 
to the circuit. 



D. QUEST .ACTIVITY 
1. D 



2. 
3. 
4. 
5. 
6. 



F 
E 
C 
A 
U 
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UNIT . X 






IK- i P.^- 



ELECTRfCITY 



LEVEL II 



STATg OF CALIFORNIA 
DEPARTMENT OF EDUCATION 



NAME. 



DATE STARTED ^ 

DATE COMPLETED. 



BY 



R. E. LILLO 

. N. S. sen . .OTTC) 



Ji^fATE liLliCmcm/ELtLTROMlCS CURRICUtUM UUiUli 
IKSTRUCTQR'S GUIDB TO ACCOMPANY IE VEL U UNIT no 



Title of Unit ; ' The Language and Symbols' of Electricity 
Tine* Al locatioh ; 1 week ♦ v *f 



Unit Coal ; . ' 1 * : ' / - \ 

To integrate witK ]? re vipusly taught competencies those new coiDpetencies 
- th si would tenable inline di ate reoognition of synbolsv designations , or 
. terns common i'y utilize.d in stltematic diagrams or technical data sheets. 

' Unit Objectives ;; . ' •' ' ; : • ,;' ' 



*The student 4WII1 be able to: \ * 



read and draw a number of technical symbols that «?present conpo- 
nent$* coDlmonly utilized in basic cir^^ ' ^ 

i ' 2# identify a , var;iety of letter t^signatio^vvhich may j»cdpwpany a 
^ cirtuit symbol but are net^ themselVes i^|brt of the syoD^^jli 

3m dis'tinguish and interpret a simple schematic diagram, 

Evaluation ; . z^-- " .■ ' -'-vfJ- ;^ '\ : " 

The student will demonstrate his/her competence in terais-of these 
measurable objectives based upon i^idividual insi^truc^ors accc^ptab'le- 
performance criteria » which may utilize a combination of written, oral; " ' 
dnd laboratory testing procedure- ' . ' • ' . > 

Instructor References, ; \ * / ^ ' 

Islecrtronics. Assembly and Fabrication t'letho^s . Dwiirte atid Duarte, ilcCraw- 
" Hill Book Co. f iii'/:^. Chapters:" 2, 3, and i. ■ 

^ . . . ^ , ^ ■ - ' , ■ 

Technical Electricity" and Electronics . Peter Bub dn and Marshall L. Sdimitt, 
/ McGraw-tiiii .Book Co. , 1977. DnTts 29 and 30,. ^ 

Understanding Electricxty and Electronics ; Peter i 
' . ^ Schmitt, o^lcGraw-iiill Book Co,,' 1975.; Unit:3. 



3*uban and Marsh £jll L. 



Overview: 



Th^ main theme of this unit is ihat -symbols are a vital rpart of the 
teclinical Ijanguage 'used for conveying infbrroatibn in the industrial com- - 
B^inity. . . , 

Tlie unit should be introduced by sltoHi"^ th,e logical reasons that 
led to the. development and use of graphical il lusttations • 

The next' topi <?s should then deal with basic siymbols, letter, designa- 
tions, and organization. Of symbols to create a*schematic diagram. The 
schematic diagram shourld be cons'idered as a vehicle, that transmits yaluabl^ 
technical data td the skilled re^raer. 

X Tltis -unit.'* should conclude with the student realizing' th'at further 
explanation of new symbolSt and^ electrical te'rms.. will continue throughout 
thxs.level.. A variety of appropriate exeffcises and laboratoryN^xp^iments 
an^ or projects should bp coordinated with all unit topics when\iveslble.^ 



bugaested Presentation Uints/Methodolofty ; 

Follow the instructional module unit outline as a basic skeleton 
for curriculum presentation, however, note the following: 

1. ^ teachers often do not instruct formally in terns of a unit on. 
^schematic symbols, yet, it ha's been included here so that it will 

s.erve as a jaeans to enhance student technical comprehension. Try 
. 'to physically associate parts with their symbols in an effort to 
assist students iomediately^in 4'amiliarity with electronic com- 
ponents. At this point the student may become aware of various 
9arking on the body of components and these idehtiiications or 
designations can be discussed. 

2. Have student respond to symbol exercises if possible, with coloi 
. ~ pencils, marke/rs , or felt pens, lllustf^lions seem to be of ^ 

f higher quality when generated in this format. 

,3. Frequently, symbols are discussed by instructors without mention 
of standards, recommended drawing practices ,* application of * 
^symbols, and diagram types. These topics are areas which contain 
essential competencies in terms of the industrial world and 
should be emphasized. An inexpensive teacher resource for 
samples of many graphic representation would be a television 
repair pfiotofact folder. 

Supplenental Activities and Demonstrations ; 

1. A useful blackboard acti.vity to impress slower students with 
schematic symbols is for the instructor to pick out an assortm^t 
of comp'onents for the class to view. Out of this selection have 
the class name^ those that actually look like the symbols they 
represent. Use the blackboard to list the result and verbally 
emphasize that indeed many schematic symbols are definitely 
symbolic pictures. 

2. An activity which teadies several concepts, yet enjoyable, would 
be to have students send away for a free narts catalog. Once the 
student has a "catalog the activities are oountiful, for example; 
cut pictures of parts and summarize functions, list letter 
designations, and draw circuit symbols. 

Instructional Module Contents : 

1, Unit Qutline (overhead) 

2, Pre-Ppst -Test (keyed) 

3, Technical Glossary ^ ' . 

4. Worksheet (vocabulary) - Word Decoding 

5. Worksheet - Electrical Terms and Syjnbols 

6, Quest Activities 

7. Informational Handout (Schematic Symbols) 

8. Unit Module Answer Keys 
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it'- 



X, The Language and Symbols of Electricity 



A, Electrical Circuit Dia^ams 
VI. Schematic s 




2 . Letter designations 



3# Schematic diagrams 
B. Electrical terms 
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Test Nuaber 



Lll-UlO 



^- UNIT EXAM ' ■ 

THE LANGUAGE AND SYMBOLS OF ELECTRICITY 



IMPORTANT- . 

Indicate your responses on the answer sheet only . ^. Fill in, / • 
the box corresponding to the cpVrect answer to each question - 
there is onty pne correct answer for each qiiestion^ 



Im On a schematic diagram y the components are shown as graphic symbols. 
- (T-F) • . . 

2« The dot symbol' on a schematic diagram is used to show that wires. are 
electrically connected together. (T-F) • '' / 



Abbreviations, or lettlsr designations are used to sin^lify component 
identification. (T-F) 

, ■ • . ■ ■ . ■ " ' . / A / •. ... 

' ' . ' .J. /'"■ 7 ■ ■ " ■ ■ 

>A typical reference designation uses a number/letter cocle such as 
3|{ to designate resistor #3, (T-F) 



5. Schematic symbols are used to illustrate electronic terms. (T-F) 



Identify the schematic "Symbols drawn below. 

9. ->AAA- "^^i- 



10. 

11. 

12. 
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13. ' 
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I l(knti£x tbiB abbre^iatioW or lott«r doiigWuon? listftd below, 
IS* . T 



i6. i DC 

18. Q 

19. . 

20. GND 



\ 



THQiNICAL GLOSSARY 



'■Hi , 



■9 



ABBREVIATION: 



COMP(MJE!i|T: 
CONNECTION: 

ELECTRICAL TERM: 



LETTER 

IDENTIFICATION:' 



NUMERICAL 
VALUE: 



REFERENCE 
DESIGNATION: 



Theexpression oi a word ox t«r«, in shortened forte/ 
usuElly lyy using representative letters, ^xarapie: . 
The ter» direct current is ab^)revia^e^ wi^h ■ the letters 



DC, 



SQiEMATIC 
DIAGRAM: 



SCHEMATIC 
SYMBOL: 

SUBSCRIPTS: 



Aai electronic part. - 

■ ■ - • , ■ . .i ■ ■. • • 

The junction or joining point of several conductors or 
Components in an electrical circuit.' 

k . ■ ^ ■■ ' ' ■ ■ ■ . 

A word or phrase which describes an electrical quantity, 
e^unit of measurement, component, or electrical action. / 

A letter used to designate a particular type of elec- 
tronic component. Example: The letter identification 
for a capacitor is C. ^ 

The: rating or value if a component expressed in its unit 
of measurement. The numerical value of a one thousand 
ohm resistor for example can be expressed as 1000 or Xk,- 

■ * ■ ' 

"The symbol used to represent components in a circuit 
diagram. The ref«rence designation combines a letter 
identification and a subscript, to identify one particular 
component. The designation for resistor three on a 
schematic diagram would be R3. 

A special type of drawing used in electronics to repre- 
sent circuit components and connections. Tliis type of 
diagram^ uses simp lified^s.ymbols to show electrical 
connections, but does not show the physical layout or 
part {ttructure. v 

A symbolic representation used to depict an electronic 
component and often referred to as a graphic symbol. 

Small identifying numbers or letters written slightly 
to the right of and below the quantity being identified. 
Example: In the expression Rj, 3 is the subscript. 
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SCORE: 
GRA0E: 




I WORKSHEET 



Date: 

Period: 



VOCABULARY • hfORD DECODING 



The Wprds beloii have little neaning until they atd^ decoded. Each letter 
actually represents another letter Ux the alph8l)e't. Your task is to 
break the code end decode each word* The example will get you started . 
by providing seven decoded -letters. The code reaa'ins the same through- ' 
out the worksheet. 

N 



'f, 

EXAMPLE: A« H A H J S U 'D jjl D S 

E I E C T.R I 



1 



I' T 



i. S U U Z 



A. 1 ' telficfRlHTn 



3 



2. T N Z K X A 



2.r 



3. J X r W X Y « Y S 



4. . J X Y y H J S D X y 



/ 



or 



'5. T R K T J U D W S T 



' 6. ,L K K U H Q D L S D X Y 



6.C 



7. YRZHUDJLA QLARH 



8. T J E H Z L S D I D, L F U L Z 

9. A H S S ^ShjL D I H Y S D G D J' i S D 



X Y 



10, U U G H U II Y J H I H T D F Y L S D X Y 

^^-.^ « \ 



8.[ 



9.r 



10. r 



o 
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SGQKE: 
GRADE : 



Name: 
^ Date : 
WORKSHEET Period: 
.ELECTRICAL TERMS AVD SYMBOLS 



A. Draw in the correct scheaatie syabol for thpfol lowing electronic 
coBjponents. 



1. Ceil: 
2« Aametert 

3. Fixed value capacitor: 
f 

4-, Iron core trans forner: 
5, Fuse: 




6. Incai\descent l^^uip: 

7. Single pole, single throw switch : 

8. DC motor: 



9. Thermocouple: 



10, Adjustable' resistors 



B, Identify the following graphic symbols: 



11. 

^12. 
13. 

14. . 

15. 
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Name: 
Date: 




Period: •■ - 

r — ^ 



16, 
17, 

20. 



Ga^ the letter designation , D. Identify the following letter 
or abbreviation for the 
followiiig, 

21, current: ^ 

22, ground: ' ^ 

23, mini: _ 
fJl ohm: 

» ^ •» ■ • ~ 

25, positive: ^ 

26, capacitor: , _ 

27, battery: 

28, switch: _ 

29, light emitting diode: 



designations or abbreviations 
32, DC: 



30. resistor 



33. DPDT: 

34. Q: 

35. D: 

36. LP: 

37. T: 

38. A: 

39. E: 

40. k: 
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SCOR£: 
GRADE: 



rWORKSHEEt 
QUEST. ACTIVITY' 



Ntse : 

Date: 
Period: 



It 



UNIT 10" 



4f« 



J*^" ^^^^ ^^^^ * pictorial diagrsB of a "blinking lamp - night light" 
SicSIfi • ^^, y«>^"Can see/the pictorial diagram is rather large and con- 

descHntivfi^.?«^LJ- f^*^!! physically appears.- along, wfth necessary 

descriptive mformatioh. , A schematic diagram can also be used to represent 
the same carcuiu Tlie schematic diagram will utilize syinbols to rep?6ient ' 
^iiL?2r^?IJI and letter designations to identify-parts and 

?S2Jie?e ?hf pictorial SiSgraa and then . 

t diagram by drawing in the correct symbols in their 

proper locations. You are also to include letter designations and elec- 
trical units on your schematic. • « ^ v * v 



SWITCH *I 

SPjST 




RESISTOR ^1 

6JMA 



RES[ST0R«2 

&8MA 



PACfTOR 
♦2 -'^ 



AC LINE 
CORD 



PICTORIAL 



T 



SCHEMATIC 
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INFORHATIONAL HANDOUT 
•SCHEMA|IC-SYMaOLS 



IUustT«t«d below is « li»t.o£ $ch«a»tic symbols coaaonly used to depict 
electrical iud electronic devices. Currently accepted letter desicnations 
and unit abbreviations arc also provided. « 




' Single cell 
Multicell 



BATTERTES (B) 



Electrolytic Variable 



Fixed 



CAPACITORS (G) 

Basic Unit - FaradCFJ 



.CIRCUIT 
BREAKER (CB) 



Conductor 

Cross p no 
Connection 

. * Connection 



CONDUCTOR 







FenaleCJ) Male(P) 





230y. AC plug 

CONfCDTORS 



CD) 




(SCR) 




Diode rectifier 



Silicon 

controlled 

rectifier 



(LED) 



Light emitting, 
dio^e ^ 



^ DIODES (D) 



fuseW 




DC generator 

GENERATORS 
fGEN) 



Frame of Chassis 




HAND KEY 



Earth Ground 

GROUND (GRD) 



HEADSET 




Air core 



Iron core 




Adjustable -Tapped 

INDUCTORS (U 

Basic Unit - Henry (h) 
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■iiiiii^— 
IncanUescent lainp 



Neon lanp 



LAMPS (LP) 




Voltmeter 




QhsHoeter 

METERS (M) 




MICROPHOhE 



DC motor "-^^^^ 

MOTORS {MOT) 



Positive Negative 

POLARITY 




SPEAKER (SPKR) 




Single pole, 
double throw „ 

RELAY (K) 



I. 




^^^^^mmm 

Fixed Tapped 
Adjustable Rheostat . 

RESISTORS (R) 

r • \ 

• Basic Unit - Ohi&CA) 



Sixigle pole, 

single throw (SPST),, 

Single pole, 

double throw (SPPT),. 

Double pole, 

single throw (DPST) . 

Double pole, 

double throw (UPUT) , , 

Pushbutton, normally 
closed (PflNC) , 





Pushbutton, normally 
open (PBNO) 



SWITCHES (S) 




J 




o , 
ERIC 



■PNP . NPN 

TRANSISTORS (Q) 




THERMOCOUPLE 

fro) 




Air core 




Iron core 




Tapped 



TRANSFORMERS (T) 
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Tlie following Abbrevlttions are ^tanclftrds adopted by the In^tituta.of 
Electrical and Electronic Engineers (IEEE) 



TERM 

alternating c)irrent 



, a 




henry h 

hertz ........ •• Hz 

inductance L' 

input IN 

■ 

kilo k 

Lowatt-hour • kwh 



ga 



M 



micro 



Micro-Micro . « • • . . • . . • • • 4 
milli ....... • . . • . . ^ . • , 



n 



nano 



negative ... ....«.• 

ohm ... .i. . 4t 

output OUT 

■ . ■ • 

pico 

positive 

power ..«.> P 

resi.s tsnce . . . . • . R / 

^ 

second s 



sine ^ave 



volt 



voltage £ 



watt 



W 



o 
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SCOKU:. 

» - . 

CUAUii: 



T f 

A B CO 



liXAM LII UIO 



Date: 
Period: 




TP 
A B C D 



battery 
^ I I I 
7. ' 



motor (UQ 



li, motor 

■I I I 
9, Ire sis tor 



10. pPSTswit.ch 
T — r— T 



0z. 

14. 
15. 
lb. 
- 17. 
Itf. 

20. 
21. 
22. 
23. 
24. 
25. 



capacitor 

i I ' 1 
ohm 



trans forme* 



direct current 

J I I 



transistor 



20. 



' 274 

•28; 
29. 
30. 
51. 
32. 
33. 

34. 
35, 

. , jo. 

3t$. 



(Lnductor 
ill 
t r|i>s^isto r 

iiode 

. I I I 

ground 



59. 
40* 
41. 
42. 

43. 

44'.. 

<5 : 

40, 
47. 
48. 
49. 
SO. 



I.. 
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52 ; 

53. 
54. 

55^ 
50. 
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00. 

01. 

'62; 

^4, 
65. 
00. 
07. 
08. 
' Oft. 
70. 

n. 

n. 
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74. 
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^i^hovr work for problems on bacJc of answer sheet. 



A. tfORO DECODING 

• 2. symbol 
■ \ 3. component . 

< • . Qonne c t i on 
$• subscripts. 
6. abbreviation 



30. 
31. 
32^ 
33. 
34. 



e V 



7* niiaerrcal value 
8. «di^natic diagram 



9 . letter identificatijDn 
10. reference designation 



indi^tor ; 
dirsKt c^urrent 
double pole double throw 
transistor 

35. diode 

36. lamp 

37. trans foraer . • 

8. &»pere 

9. voltage 
Of • Kilo 



B. ELECTRICAL THRM§ , AND SYMBOLS. 

V 3.. 
^ ' 4. 



6. 
7. 
8. 

9.. 

^ 10. 

11. 
12. 
13. 
'f4. 
15,* 
lb. 
17. 

IS. 
19. 
20. 
21. 
22. 
.23. 
24. 
25. 
* 26. 
27i 
2.8. 

2a. 




C. QUEST g:TiviTy 

4i Cuubjective evaluation) 



I ■ 



— v^l^v^ — 



ciiodo 
conne cation 
transistor (NPN) 
push button switch N.O. 
fixed resistor 
^oltneter 
AC plug 
speaker r 
bat^tfery 
AC generator 
I 

GRD 
a 

♦ 

C 
B 
S 

LgD 
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STATE ELHCTRICITY/HLECTRONICS CURUlCULUM GUIUU 
INSTRUCTOR'S GUID12 TO ACCOMPANY lEVEL. II UNIT #11 



Title oC Unit : Cowponents, Switches, and Circuits 
Time Allocation ; 2 weeks 

Unit Coal ; . ■ ' ' ^ 

To stinulate and instill student conpe ten ce in basic component and 
circuit identification, including knowledge related, to switches, 
types of circuit configurations, and recognition of simple circuit 
malfunctions. ^ * * 

Unit Objectives ; 

^ . ■ • . • 

The student will be able to: ' 

1. identify and explain the general technical function of the 
following common components: resistor, inductor, capacitor, 
switch, speaker, xenon flashtube, neon lamp, transformer, and 
diode; 

2. demonstrate basic circuit construction skills by physically man- 
ipulating electrical devices into either syies, parallel, or 
combination circuit configurations. 

* ■ . ■ . " ' 

• 3. perform basic inspection and troubleshooting steps in order to . 
locate a defective or abaormal circuit condition. 
Evaluation ; 

' ■H ' ' " ' ' ' 

The student will deadhstrate his/her comjjetence in -terfljs of thes 
measurable objectives based upon individual ifistructors acceptable ^ 
performance criteria, which may utilize a combination of written, oral^ 
and laboratory testing procedures. 

Instructor References : . 
' Basic Electricity Training Manual . Ted Pipe, Howard W, Sams and Co.,. 1976, 




chapters 



6, and b. 



Electronics Assembly and Fabrication Methods . S.R. Duarte and R.L. Duarte,- 
McGraw-Hill Sook Co. , 1973. Chapters: 2, 4, 11, and 12, 

Technical Electi^icity and' Electronics . Peter Buban and Marshail L. Schnitt 

t^icflraw-ilill Book Co., li)77. Dnits : 6, .7, 8, 15, 16, 20, 26, and 28. 

Overview ; 

Unit 11 was designed with the intent of providing sufficient technical 
knowledge for the student so that successful kit or project construction 
could be an immediate reality. 

The first unit tojjic presented should be oriented towards teaching - 
component identification, with specific emphasis on those common components 
encountered in typical beginning type projects or kits. 

Next, circuit control ling *devices arc discussed because this topic is 
directly applicable to many aspects of both project and/or laboratory cir- 
cuit operation, yet, most instructors seldom take time to allow students t 
really examine switches. 

An explanation of simple circuit configurations has been included, as 
a means to discuss and discover the electrical characteristics of various 
o "kinds of cis.rcuits, and the study of basic circuits will heljp formulate in 
E^the students mind 'a- technical reference point of what constitutes normal 
"""cijcuit behavior. 



to 



V 



SuAiicstcd Presentation Uints/Ktethodolocy t .> , 

Follow the instructional module unit outline as a basic skeleton 
€or curricuiua presentation! however* note the following: ^ 

X, Investigate with the class a variety of components that they 
might typically' encounter when building a Simple project. Use 
an overhead projector and place a component on top of the stage 
plate and examine its sixe and shape » then, discuss th« general 
purpose y special properties, value determination/codes, and 
; other essential data. 

2. Stress during a presentation that many types of switches are used 
to control electricity and each. Variety has unique ch aracter is - 
,tics which may offer, certain advantages or disadvantages. Try tc 
collect and display switches of different physical conformation 
and function,, then explain that in its simplistic form a switch 

^is still merely a device to open or close a circuit. It may be - 
helpful to concentrate on the specific symbol when describing a 
certain type of switch, because exposure to the symbol allows the 
student' an opportunity to examine the way in which the switch 
operates in the circuit. 

3. It may bedtime consuming, but^import^t to the class to review 
thiB essential parts of a circuit. Once this has been re- , 
discovered anu the students feel comfortable with the theory, 
slip into a discussion on devices in series and parallel. The 
relationship of "E" and "I" for these networks are the important 
concepts to establish as a solid technical foundation. 

Supplemental Activities and Demonstrations ; * , 

1. Training systems ^nd paperwork sometimes miss the point in 
respect to switches and the method of ^nnecting'them to control' 

'a circuit. Perhaps this and the idea connecting devices in 
series and parallel sh6uld be explored further in a laboratory 
type performance test. Buzzers and switches mounted on a board 
with terminals exposed can serve as an excellent evaluator when - 
students are asked to systematically create basic circuit config- 
urations. After each circuit has been b^ilt, sign the student 
off and let them go on to a more complex configuration. 

2, Develop several experiments to illustrate various abnormal 
circuit conditions. Control the demonstration, but if a componen 
or two were to bum up in front of their eyes the impact is much* 
greater! Try to direct students to use a detective style approac 
to solving problem circuits. Observe symptoms, look for the clues 

. logically deduce malfunction ,* theh repair and check. 
Instructional Module Contents ; 

1. Unit Outline (overhead) 

2. Pre-Post Test (keyed) 

3. Technical Glossary 

4. Worksheet (vocabulary) - Spelling Puzzle 

5. Worksheet - Compontnt Identification 

6. Quest Activity 

7. Informational Handout (Basic Electronic Components Used in 
^ ' Project Construction) 

1 Informational Handout (Normal and Abnormal Circuits) 

_ a. un.it Ua<iu.iA Answer KcYS _ 



XI. Components, Switches, and Circuits 

# 

A. Common Component Identification 

1. Physical characteristics 

2. Value determination or 
identification codes 

. i •.■ - * 

3 . Purpose and/or usage 

.... , ' ■ ' . ' ■ ■ 

B. Circuit Controlling Devicaa 

1. Switches used as control devices 

2. Types of switches 

3. Switch circuits 

C. Basic Electrical. Circuits . 
1. Series circuits j 



ERIC 



2. Parallel circuits 

3. Series parallel -circuitry ' 
• ■ * ' ^ ' 

D, Connecting Switches in Series and 
Parallel 

1. Series switching circuits .V 

\> 
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2. Parallel switching circuits 




Normal and Abnormal Circuits 

1. Closed circuit 

2. Open circuit 

3. Shorted circuit 



f 



m 

1 
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' Nuttber 

■ ■ ■' ■ ■ , . ■ ' ' ■■ ■ ,■ . ■ ,■ •' ■ ~ --t 

tll-Uil • UNIT EXAM 

COMPONENTS, SWITCHES, AND CIRCUITS . ' 

IMPORTANT- ^ ■ - 

Indicate your responses on the answer shebt only . Fill in 
the box corresponding to the correct answer to each question > 
there is only one correct answer for each quest i|)n, 

1. Resistor values are given in ohms. (T-Fj ■ - 

2, A potentiometer is a/vafriable resistor which contai'hs three teroihals, 
^ and has a aovable qentbr shaft, CT-F) 

3e A transistor has the ability to 5tep*up or step-down voltage. (T-F) 

4. Abnormal circuits commonly contain either a short or an open condition 
. .(T-F) ; ' 



5;' , Capacitors will allow current to flow in only one direction thorough 
. a circuit. (T-F) • - 



t». An open circuit provides an easy path for current flow, (T-F) 



7. A switch] is used to either open or close a circuit, or to direct 
current /flow through the circuit, (T-F) 



8, A parallel circuit contains only one path for current flow. (T-F) 



t 



9. Capacitors are rated in i^its of micro or pico farads. (T-p 

10, ^^itches are always connected in series with the current path they 
arc controlling. <T-F) 



11« 



12. 



13. 



The abbreijiation "P.B.N.O." means: . 

(A) pull back, now open, (B) push button normally open, 

button not open, (D) push back naturally open. 



(C) push 



An accidental circuit connection which causes excessive current, aivd 
possible circuit damage is called a/n: * 
(A) open, (B) branch, (c) shorty (C) close. 



A circuit which con tailj^ more than one path ffr current' flow is known 
as a/n : - f' ' . 



A) parallel circuit, (B) series circ\iit, (C) abnormal circuit. 
D) normal circuit, \ 



14. Identify the switch which is capable of controlling two^ separate 
circuits simultaneously. 

(A) SPST, (B) PBNO, (C) DPNT, (D) DPST. ' 



15. Classify the circuit drawn below: 




(A) parallel circuit, (B) series circuit,.. (C) compound circuit, 
(0) series-parallel -circuit.. 



Identify the component drawings below: 



16. 



17. 



18. 




ly. 



20. 
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. ■ : ,. ■ • • i 

a* The abbreviation "P. B.N, 0." means: • * 

(A) pull back, now open, (B) push button normally open, (C) push 
button not open, (D) push back naturally open. 

12. An accideit*l^circuit connection which causes excessive current, and 

possible circuit damage is called a/n: 
^ . (A) open, (B) branch, (C) short, (C) close. 



13. 

■ 1 
14. 



A circuit which contains oore than one path for current flow is knowii 
as a/n: 

(A) parallel circuit, (B) series circuit, (C) abnormal circuit, 
(Dj normal circuit. / 



Identify, the switch which is capable' of controlling tWo separate 
circuits simultaneously, \ 
(A) SPST, (B) PBNO, (C) DPNT, (D) DPST. 



15. Classify the circuit drawn below: 

.o— VVSA 




(A) parallel circuit, (B) series circuit,* (C) compound circuit, 
(D) serxes-parallel circuit. 



Identify the component drawings below: 
16.. ^ 'ly. 



17. 




20. 




-wis. 
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TEOiNrCAL (SLOSSAUY 



Name: 
. Pate; 
Period: 



ABNORMAL 
CIRCUIT: 



t 



APACIT0R5 



CLOSED CIRCUIT: 



DIODE: 
INDUCTOR: 



MOMENTARY 
SWITQl: 



NEON LAMP: 
I 



NOR^iAL CIRCUIT: 



OPEN CIRCUIT: 



PARALLEL 
CIRCUIT: 

POTENTIOMETER: 



RESI5T0R: 
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A circuit Which is not functioning properly. An abnormal 
circuit is generally open (a broken current pathj" or 
shorted (an undesired current path). 

An electronic component made up of two metaj plates 
separate4 by an insulator. Capacitors have the ability 
to store a charge. ^Symbol: L'etter symbol: C 

Any electrical circuit which contains a complete path for 
current flow frofe the negative terminal ©f the source to 
the positive terminal. * 

■ ■ • 

A semiconductor device which* aQts as a one way valve to 
pr rent flow. Symbol; Letter symbol : D 

An electronic component made by wrapping a coil of wire 
around an air or iron core* An inductor opposes any 
change in current flow. Symbol : «nnnrL better symbol : L 

A type of switch which is operated by pushing on lever 
or button. Once the pressure is resoved, the switch is 
"turned off." Momentary-contact switches are often push- 
button type switches, and are available as either normally 
open or normally closed devices. Symbol: P.B.N.C. ^If^ 
P.S,N,0,5*5Lett^r symbol: S ^ 

A glow lamp which contains neon gas. When a voltage of 
approximately 55 volts is applied to the lamp, the neon^ 
gas ionizes and glows orange. Symbol: .^TL- Letter 

symbol: LP - ^ ' 

A circuit which is functioning properly, and provides a 
complete path for current flow, 

A circuit which contains a break or gap in the current 
path. The "break" will" stop the circuit from operating. 

A circuit which contains two or more paths for current 
flpw, sometimes referref to as a shunt or branch circuit. 

A variable resistor commonly used as volume, sensitivity, 
or speed control on many projects. Symbol :Vy\A 
Letter symbol: R T 

simple, yet important, electronic component made from 
ei\her carbon, wire, or metal oxide, and used to provide 
a specific opposition to current flow. Symbol :-^^V^ 
Letter symbol: R ' ■ \ 
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Naxaer 
Date : 
Period: 



SERIES CIRCUIT; 



r SERIES PARALLEL 
CIRCUIT: . 

SHORTED CIRCUIT! 



SILICON 
CONTROLLED 
^RECTIFIER: 

SLIDE -St^TQI: 



SPEAKER: 



SWITCH: 



TOGGLE SWITQI: 



TRANSFORMER: 



TRANSISTOR: 



XENON |LASIi(rUB£: 
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A circuit whic;h allows only one path for current flow* 
CoBponents connected in series are joined in a line, one 
after the other. 

A circuit consistihg of one or core series and parallel 
paths. Series-parallel circuits are often cSTled combina- 
tion circuits. 

A circuit^ which coh trains a low resistance path between 
two points (power supply tenain^ls, line, etc.) » which 
causes excessively high current flow dnd possible circuit 
damage. A shorted circuit is usually caused by an 
ac.ci dental connection. ^ 



V 



A three terminal electronic component belonging to the 
"diode family," and having the ability to electronically 
Switch on and^ off, fairly large currents. Sywbol:-r~^l^ 
Letter abbfev.: SCR f 

A style of switch in which a bar of metal is made to move 
or slide, making contact betweeiv two points--either 
opening or closing the circuit. Slide switches are 
generally low in cost. 



An electronic component which 
signals into sound. Symbol 



cn can 



convert 
Letter 



electrical 
Symbol : SPKR 



An electronic component used to^control or direct current 
flow. Most commonly » switches are used to open or close . 
a circuit path. Switches are available in many styles and 
configurations, such as push-butjton, slide, toggle, micro, 
rotary, single pole single throw, double pole single 
throw, single pole double throw, double pole double throw, 
etCa Letter symbol: S 

Symbol: -p-'^'^o— ^^Letjer abbrev. SPST SPOT 

^ ~ — ^ DPST DPDT 




' ■ I 

A common switch style whiph uses a '^nap action" principle 
to mo.ve a set of contacts from one /side of the switch to 
the Other, opening or closing the ^ircuit. 

An electronic component able to ei\ther step-up Cincrease) 
pr step-down (decrease) an AC voltage. Symbol: " XAJult 
Letter symbol: T \ z=:=r 

jyyrx. 

An electronic component which can be used to amplify an 
electric signal. Tr ansis tors are also used as high speed 
switches. Symbol: t^Y" Letter symbol: Q 




A special purpose lamp,^^capsble of 
flash of light. Xenon flashtubes 
lights and photographic ^f^obes. 

/ Lii-uii-s 



producing a 
are found in 



bril liant 
strobe 



KORE: 
GKAOE: 



WORKSHEET 
VOCABULARY - SPEUING PUZZLE 



Naae: 
Date : 

Period: 

4$ A " 



Copy the coTxectly spelled word in the box at the right. As Indica^ted 
in the exaapl? below. > . ^ . 

A. I amneter 



A. tanpnetet) Canmeter) Caneter) 

1. Ccurcuit) (siTcuit) (circuit) 

2. (diode) (dyodc) (diold) 

3. (siries) (ceries) (series) 

4. (tagole) (toggle)' (toggel) 

5. (speaker) (speeker) (speker) 

6. (switch) (swich) (swit) . 

7. (parelel) (parallel) (parrallel) 

8. (silicon) (silecon) (silacon) 

9« (capasetor) (capaciter) (capacitor) 

10. (nornel) (normol) (normal) 

11. (inductor) (itfductor) (enductor) 

12. (nooentary) (monantary) (mosiintary) 

13. (tramsister) (transistor) (transistor) 

14. (rectifire) Crectifier) Crecktifier) 



5. r 



6.[ 
7. 



8. [ 



JO. [ 



12. C 



13. [ 



14. r 



15. (potenteometer) (potenti meter) ' (potentioneter) 15. T 
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SCORE: 
GRADE: 



WORKSHEET 
COMPONENT IDENTIFICATION 



Nane: 
Date: 
Period: 



Identify* the coaponent drawings shown below* 
I. 



2. 



3. 



4. 



5. 



6. 



7. 



8. 



9. 



10. 



11. 



12. 





1-C 



3.[ 



4.[ 



5.[ 



C 



7- C 



9- C 



10. [ 



11. [ 



12. I 



1 



1 



1 
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*worksh||t 
9ubst -^activity - 

♦•UNIT if" 



^ Pferiod ; 



Use the conponent puppets provided on page .three to coiistruct the circuits 
described below. You will cut out and arttogevthe puppets to forn series ^« 
parallel, and series-parallel circult$^« You must draw. ih interconn^^pting 
lines to represent conductors. Be sure thai each prolSlem fulfills, the four 
requirements for a 'complete electric circuit - i*ei supply, control^ loadyr. 
'and. conductor. ' - ■ '^-Z . ■■a".. 



1. Construct a series circuit, utilising a 1.5 volt cell to supply power, 
a ^PS^ switch to control current flow, and two Clamps as load device.s. 



f 



2. 



Design a' parallel circuit, using a llOV source, and a SPST swi'tch as an 
:on-off control. The circuit is to- contain three branches, each branch 
will operate a different load device. 



••■ ■ • ■ ■ . , -Y • " ■ ■■■ ■ ■ ■ ■ ■■■■ 

Assemble a series-parallel circuit consistiiig of 'two series loads, and 
two parallel loads. The circuit operates on bV UC, contains a SPST 
Jswitch which will, de-ene^gixe the total circuit, and a SPST>switch to 
control one of the parallel loads. You way utilize any \f our appropriate 
l<^d devices. "7 



Componeiit Puppets 
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Date: 
Period: 



INFORMATIONAL HANDOUT 
BASIC ELECTRONIC 'COMPCNENTS USED IN f ROJECT CaNSTRUCTION 



RED 

ViOtET 
^ANGE 




CARBON COMPOS I TIt)ftM 

Symbol: ' Letter 

Designation: 

WNA R 



POWER RESISTOR 

Symbol : Letter 

Designation! 




Symbol : 



• Letter 
Designation: 

R 



200^DC * } 




20^F 
50VDC 




CAPACITOR 

Symbol : 



Letter 
Designation: 

c 



CERAMIC OR 1)1 sr: 

' CAFACITPR • 
Symbol : Letter . 

J* Designation 



ELECTROLYTIC 
CAPACITOR 
Symbol: Letter 
+1,— Designation: 






' MYLAR CAPACITOR 
Symbol : 



Letter 
Desj. ghat ion: 

c ^ 



YARIAgliE CAFACITQR 
symbol : 



Letter. 
Designation : 

c 



Symb ql^: Letter 

Designation: 

LP 
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Hmaei 
Date: 
Period: 




Letter 
Designa'tion 

LP 




Jgymbois Letter 

Designation: 




DPS T TOGGLE SWITCH 



Symbol : 




Letter 
Designation : 

s 




Symbol : Letter 
r Designation: 

-^rv- S 




CATHODE 




RHCTIFIER 
Symbol; , Letter 

Designation: 

SOR 




ANODE 



SE:HICON'DUCTnR DIODE 

Symbol : Letter 
Designation 

D 







TRANSISTOR 



TRANS FORMEU 



Symbol : 



Letter 
Designation: 

Q 



Symbol : 
" UJULT 



Letter 
Designation: 

T 



Symbol : 



Letter 
Designation : 
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Date: 
Pericrd: 




INDUCTOR fCOIL^ 



Syabol: Letter - 

.Designation: 

L ' 




AC LINE CORD 




ELECTRICAL CUTLET 





Tsmm 



LIQIT liMITTINC: DIODE 



>BATTERY CONNECTOR 



Syr.ibol : 



Letter 
De5ii;nation: 

D 



^NPCTR (COIL) 
air core 
Symbol: ~ Letter- 
I>csi gnation : 




SPEAKER 

Syabol Letter 
^ Designation: 

=C( SPKR 
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Ddte: 
Period: 



INFORMATIONAL HANDOUT 



NORMAL AND ABNORMAL CIRCUITS 



The atcheiaatic below shows a typical circuit in which a DC Voltage, "B", 
force's the current, "I", through a load device. This is called a closed 
circuit because all of the circuit parts are connected i^ a manner which - 
allows an unbroken path for the flow of electrons. The load device (lamp) 
will operate properly and the circuit is considered normal in terms of 

normal = closed 




45V .=-8 



CLOSED CIRCUIT 



The next circuit has been broken open between points A and 8 , hence, 
the term open circuit . Since electrons cannot jump the gap from A to B ^ 
no current can tiow trom the battery to the load device, .thus^the circuit 
IS considered disabled. Closing a circuit usually means turning it on or 
placing it in operation; while opening a circuit means generally the act of 
turning a circuit, off ojr that the circuit is nonfunctioning due to an ab- 
normal circuit condition. Many times an open circuit has been created by 
•a wire or component breaking in half and stopping the current flow. 



abnormal = open 



©LP 




M 

- OPEN' CIRCUIT 
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^38 



i 



I 



Naae: 
Date : 
Period: 



Tlie last scheoatic indicates that a conductor has been accidently connected 
across the circuit from "A" to "B", Because of the lower resistance of 
the path between- "A" and "BJ* npst of the current (I) flows through this 
path, robbing the load device of its proper current flow,. This condition 
often 4s spoicen of;tby technical people as "electricity taking the path of 
the least resistance." We should know that nost, not all, of the current 
flows through this abnormal path, however, because of the shorter route 
taken by the current' in this case, path "A" to "B", this abnormal circuit 
is called a short circuit . Generally, 'short circuits are unintentional, 
being caused eith<sr by accident or by mistakes in wiring. A wire or piece 
"Offvinetal falling onto an electrical circuit can cause a short circuit. 
Short circuits must be avoided since they can cause damage to power sources 
and circuit components because of the large currents they create. A por- 
tion of a circuit as well as the whole circuit may become short-circuited, 
and in either case short circuits are .DANGEROUS! i ! U 1 1 ! I 



abnormal = shorted 





SHORT CIRCUIT- 



'A typical 
tains the 



-•"REVIEW***. 

normal circuit is one which operates properly and usually con- 
following: 

1. A source of "E" and "I" Supply . 

2. A device to turn the circuit on or off .....Control. 

3* A path for electricity to travel through . .... ^onS'uctor . 
4. A device to operate Load . 



When a circuit does not operate right, it is 
are two main types of defective or abnormal 
repaired. 

1, Open circuits 

2. Snorted circuits 



said to be abnormal 
circuits that mus 



•1 



e 



There 

frequently 



As a repair person you might often be asked to fix electrical products. 
The process of determining whats wrong is called troubleshooting. To 
troiileshoot quickly requires that you study the characteristics of ab- 
normal circuits. • 



ERIC 



LII-Ull-18 



SCOUi;: 
CRAUE : 



TF 

A BC D 




10. 

11. 

12. 
13. 
14. 
15. 
10. 
17. 

Ifi. 
19. 

2ii, 

21.* 

22. 

23. 

24. 

25. 



resistor 

M-4 



disc capacitor 
H4- 



potentiometer 
transistor 



neon lamp 



liXAM LII UU 



Unte 
Poribd 



T F 
A B C D 



2K 
28. 

2y . 

30. 
51. 
32. 
33-. 

34. 
35. 
30. 
57. 
3b. 
5U. 
40. 
41, 
42. 

43, 
44. 
45. 
40. 
47. 
48, 
4^. 
5U. 



















1 




1 




























































































V 

























































































T F 

A BCD 



51, 
52. 

53. 
54. 
55, 
50. 

57. 

58°. 

> 

5y. 

00. 
01. 
02. 
63. 
64. 
65 . 
00. 
67. 
08. 
69. 
70, 
71, 
72. 
73. 
74. 
. 75. 
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SPELLING PUZZLE 

1. circMit 

2, dio4e 

3. series , 

4, toggle , 
5« speaker 

6» switch 

7. parallel' 

8* silicon 

9* capacitor 

10. nonaal 

11/, inductor 

12. momentary 

13. * transistor 

14. rectifier 

15. potentiQineter 



COMPONENT IDENTIFICATION ^ 

1. disc capacitor - 

2. cartxon composition resistor 

3. neon lamp 

4. silicon controlled rectifier 

5. slide switch 

6. transformer 

7. tubular capacMor 

,8. potention^terllr rheostat 
9. > transistor 

10. SPST to'ggle switch 

11. diode 

12. push button switch 

QUEST 'ACTIVITY 
(subjective evaluation) 



I 



AiNSUER KEV 
UNIT 11 

t 
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m ELECTRieiTY / ELECTRONICS 

CURRICULUM GUIDE 
INSTRUCTIONAL MODULE 




STATe ELECTRICITY/ELECTRONICS CURRICULUM GUIDI: \^'/ . ' 
INSTRUCTOR'S GUIDE TO ACCOMPm LEVEL II UNIT 1 12 - 

Title of Unit : lesisttnce »iid Resistors 
Tiwe AUocation : I week 

Unit' Goal ; . * - ^ 

To divulge and develop those student competencies which will enable 
students to grasp the theory and application of resistance/ and the 
•natpre and charactieris tics of resistive devices or components, ; 

Unit Objectives ! * 

The student will be able to: ; 

^1, define the term, symbol, and unit of measurement for resistance, 
and list the four factors which determine the resistance of wire«« 

2. name the three common types of resistors and the two coding • 
systems- utilized for indxcating ohmic values. ^ ^ ^ 

3. identify the color coded value of any typical resistor, including 
the tolerance percentage and mathematically computing the usable 
tolerance range. 

E valu ation; s • ' .uM 

— • I . ■ , ,■ 

The student will demonstrate his/her competence in terms of these 
measurable objectives based upon individual instructors acceptable 
perforinance criteria, which may utilize a combination of written, oral, 
and laboratory testing procedures. 

Instructor References : 

Electricity One-Seven . Harry Mileaf, Hayden Book Company , -Inc. ; 1976. 
Chapter: Electricity Two. ^ 

Electronic and |lectrical FimdamentalS Volume I. Published by- C.T.I. 
Education Prodis, Inc., 1376. Chapter: '4. 

Individual Learning Program In DC Electl-onjcs. HeathkitT^ontinuing ^ 
Education, Heath Company^ 1^76. Unit: J. 1 

Overview : 

Unit 12 has as its central goal the expansion of the studeiit's tech- 
nical competencies so that they will include the property of resistance. 

Electrical resisytance should b^ defined as the opposition to current 
.flow, and the instructor should indicate also that all materials contain 
this quality. The thought that resistance might be'a^desired factor should 
be explored as well as the traditionally negative aspect of circuit resis- 
tance. 

The next topic should be. a discussion about wire conductors and the 
fact that one cannot even ignore devices that am designed to handle 
current, because they may have aA appreciable ami|pit of resistance. 

The final topi): of this unit expresses the idea that resistors were 
developed to provide high resistivity in a small ps^ckage. Types of resis- \ 
tors along with coding systems, and the concepts of resistor value accuracy - 
(tolerance) should be explored in a variety of appropriate exercises. . 
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au^ficsted Presentation iiints/^tethodolofly ; 

Follow the Instructional nodule unit outline 4s a basic skeleton 
for curriculum presentation , however 1 note the following: 

!• Traditionally* the topic of wire resistance usually precedes a * 
discussion on resistive devices. This is still recommended, 
since it is easier for students to understand the need for a 
lumped amount of resistance in a circuit rather than yards and 
yards of cumbersome wire* 

2. In this unit the concept or phrase types of resistors will . 
refer to the resistor's internal composition Ccarbon, wire wound, 

* or film} while the phras e resistor variety is alluding to the 

physical style (fixed, adjustable, or variable). When presenting 
this topics display samples of the components that are available ^ 
in the shop to help students become more familiar with their 
physical properties. , , 

3. Prior to the class presentation on color code ask students to 
memorize the complete color code system. Select students indi- - 
vidually to recite the colors and the number valye. 

4. The concept of resistor tolerance and ther umthod. of solving 
specific tolerance ranges are difficult /lor beginning students tc 
comprehends Walking the student througa some simple problems wil 
improve their ' understanding and confidence. A review of basic 
mathematic skills such as percentage determination and decimals 
can especially assist slower students and is recommended. 

Supplemental Activities and Demonstrations : 

1. -Make a demonstration display that includes a sample of resistors 

of various types, color code markings, and physical styles. 
Cement the parts on a board and label. 

2. Pen informative j|^ual aid can be quickly made by using an old 
cardboard contaiffer that has a cylinder shape. Insert a lon^ 
welding rod through the container and plug the ends. This will 
act as the body of the resistor with pigtails, now paiiit the 
body with one solid color and add various color bands with color 
tape. 

3. Using a flat piedt of cardboard, in the shape of a carbon compor") 
sition resistor, construct a resistor "mock up" with four see 
through pockets on one end. Insert different colored paper in 
each pocket to simulate a coded resistor, then hold the display 
up so that the class can view and discuss. 

Instructional Module Contents ; 

1, Unit Outline (overhead) 

2, Pre-Post Test (keyed) 

3, Technical Glossary ^ 

4, Worksheet (vocabulary) - Know Your Definitions 

5, Worksheet - Resistor Color Coding and Decoding 
• ' ^6. Quest Activities 

7. Informational Handout (The Resistor Color Code) 



o 
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8. Informational Handout (Resistors-What They Are *And How They 
Function) 

9. Unit Module Answer Keys o ^ - 

LII-U12-2 



XII. Resistance a,nd Resistors 

* ' • . 'V . 'i 

A.* Wire Resistance 



at. 



Resistors ' 
1, Types of resistors 

Z. Fixed and variable yariety 

C. Resistor Color Code 

1. Ohm's value 

2. Tolerance 



Ax 
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RESISTANCE AND RESISTOR 



IMPORTANT- - ^ . . . 

Indicate your response^ on the ansner. sheet only . Fill in 
the box corresponding to the correct answer tor each question- 
there i9 only one. correct answer for ^ach question. 

1. A conductor is a material that provides a high resistance path for 
* current flow, CT-F) ^ 

. ■ ' - \. ' .. . ■ - ' ■• 

2. As a wire is roade longet, its resistance. will increase, (T-F) 



erIc 



^ 

/ ' ' ' 



3« Equal "size pieces of gold wire and aluminum/ wire would have the same 
:resistance. (T-F) » < 



4, . As the 'diameter or cross -sectional area of a wire decreased , its 
resi'stance also decreases. (T-F) * 



5. Changing tJie temperatures f a conducjtot will not affect its overall 

resistance. (T-F) ^ 



6. Fixed resistors have the advantage that their resistance values can 
be easily adjusted by either rotating ia shaft, or moving a «lideri 
CT-F) ^ I 

V 

7. Potentiometers and rheostats are variatile type resistors, (T-F) 

8. Wire wound resistors generally offer belter accuracy and higher power 
ratings than Carbon composition resistoi^. (T-F) 



9, Carbon composition resistors have their resistance value clearly* 
labeled on the body of, the device. For example: •'1000A£iOI (T-F) 

10, If a 100 ohm resistor has a tolerance of 101, its actual value can be 
between 90 and 110 ohms, (T-F) 
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For questions 11 thru 14, record the ohmic valm^s of the color coded 
resistors. ^ 



13. 



14. 





») 









12. C 



YeJLiow, 



Green 



White 



Red 



))) 




4L 



Violet 



^Black . 



Blue 



)))) 



Red 



Silver 



) 



3^. f t 



a|x>wn-J L— Yellow 



Gold 



For questions 15 thru 18 color code the following resistor value: 

1,800,000 ^ 

15. First color band 
16. 
17. 
18. 



Second color band 
Third CQlor band . 



Fourth color band 



For questions 19 and 20, compute the tolerance range for a 6800^ + 101 
resistor. - 

19; Lower value . 

20 Upper valiie ^.^ 
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Date: 
Period: 



TECHNICAL GliOSSARY 



A wircwound |ype resisto.T* with b movable contact. The 
resistance bettifeen the aovable terminal and eitheJVend of 
the 'resistor can be adjusted by sli'ding the contact' across 
the resistance element. These resistors are made in such 
a way that frequent adjustaent is iRpractical, 

The Bost coMBon type b£ resistor u$ed in electronic ' 
devices. It contains carbon as its resistance material, 
and uses a series of color bands to code its ohnic, value. 

The resistor color code i^tilizes a system of three or 
four color bands, painted aroimd the resistor, to IncJicatc 
the "ohm value*' of the resistor. Each color in the code 
translates to a number equivalent. ' 

The measure of the abilitt of a wire or circuit to conduct 
or allow an electric current flow. Conductance is 
measured ;in the ba&ic. unit mho or siemen#. letter 
symbol : G. v 

• . * ■ - 

A type of re sit tor which offers better, accuracy and 
stability than carbon composition res ii^ tors. This 
resistor utilizes a thin layer/ of carboti,. inetal , or 
metallic oxide' as its resistance material. 

resistor whixji has only one resistance valu?, ' Fixed y 
resistors can be either carbon composition, wirewound, or 
film type. ^ , - . 

The ohm rating or value of a resistor, S. " , 

A type of variable- resistor consisting of resistance 
material and^ a mdvable arm:. A terminal is attached to ' 
each end of tlie resistance maiterlal and to the movable 
arm. The output resgLstance can be set by adjusting the , 
the miE>v able airm. ' * 





POT 

When all three of. the terminals are, connected into a 
circuit, the device is called a. potentiometer . • If only 
the center terminal (arm) and one ot the end terminals is 
used,' the device is called a rheostat . 

An electrical component used to oppose the flow of elec- 
trons through a circuit. Resistors are designed to offer 
a specific resistance or opposition to current, and this 
resistance is measured in ohms. Symbol: v\AA Letter 
sy«b<JiI - R. 
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Naae: 



Date: 

■ r 



Peripd: 



The AMOunt by which the actual value of a component nay 
vary from its marked value and still be considered cood« 
Tolerances are usually expressed as a perce/itage. For 
example, the vali^ of a lOOOAresistor with a lOi . 
tolerance can Vary between 900/vand IIOOjA.. 

^ ■ ■ ' ' • ■■ ' 

A type of resistor built to be easily adjusted to differ- 
ent values. These resistors provide a continuously ' 
variable Qhmic vftli:^ over the range of the device. .For 
example i a lOOOJvvariable resistor can be adjusted to 
any value between Q and iOOO ohms. Potentiomefers and 
rheostats are variable resistors, / 

A measureoent of the amount of power that a resistor can 

handle in relation to its physical size. Excessive, power 
wi^l cause a resistot to overheat. and burn-up. 

A numbering system used to measure the diameter of wire.' 
Tlie American Standard Wire Gauge system utiiizes 40 
gauge numbers from 0000 to 6.. The larger the gauge 
number, the smaller the wire diameter. 

A type of res'istor which offers a combination of high . 
accuracy and' high power ratings. These resijtors are 
made by' winding' a special res3.stance wire oir an insulated 
core. - . 



Resistance 



m 
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SCORE: * 
GRADE: 



Dit*: 

WORKSHEET Period: 
VOCAgUlARY - KNOW YOUR DEFINniQNS 



/ 



?**?^;P.» definition, using your own words, for the Coll owing terw 

A sketch should be included with your definition when ajjpropriaie, 

1>V COLOR CODE: 





* 


.... ' \ 


POTENTIOMETER: 




RESISTOR: 







4. WATTAGE RATING: 




S. CARBON COMPOSITION R&SISTOR: 




^. OHMIC VALUE: 




LH*U12-8 



2b n 



Period: 



7. FILM RESISTOR: 




a. TOLERANCE: 



9. Wire gauge 




11. CONUUCTANCE; 



12. ADJUSTABLE RESISTOR: 



* * 
















I * • 
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SCORE : 




GRADE: 





,.NsB0 : 

WORKSHEET ^- Period: 

RESISTOR COLOR CODING AND DECODING 



Detetnine the resistance value of the following color coded resistors. 



EXAMPLE: 

First_Band 
yellow 



Second Band 
Violet 



Third Band 
brown 



Fourth Band 
silver 



♦101 



A. 1 476A'»ldl 



First Band 
Brown 



1. 



Second Band 
Red 



Third Band* Fourth Band 



Brown 



Nlone 



Yellow 



2. 



Violet 



Orange 



Silver 



3. 



Orange 



White 



Red 



• - 

Gold 



3. [ 



4. 



B^ue 



Gray , 



Black 



None 



Green 



5. 



Blue 



Yellow 



Gold 



Brown 



6. 



Black 



Red 



Silver 



6.r 



3 



7. 



Gray 



Red 



Orange 



Silver 



Brown 



8. 



Gray 



Green 



None 



8. 
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9. 

I. 

10. 



Red 



Violet 



Brown 




Brown 



Green 



Bli 



Date I , 
Period: ^ 

Cc^d 

■ ; — i 

Silver 



mm. 



10. [ 



3 



. Complete the color coding of the following resistors by using the system 
^ shown belowA.„ This technique c^n be used when converting a "nuaber value" 
injto a color code equivalent. 



3 9 0 0 ♦ St 



First Band 
(orange) 



EXAMPLE: 

B. 120^*10% 




Second Band 
(white) 



Third Band 
"number of xeros" 
(red) 



'Fourth Band 
"tolerance" 
(gold) . 



1st Band 
Brown ■ 



2nd Band 3rd Band 



brown 



^4th Band 
silver 



11. 
n. 

13. 
14, 

16. 



3300xt+5l 
47^+201 
6 80a +10 1 
56000ah^10I 

2500^+201 



Orange 



Blue 



Brown 
Red 



Orange 

Violet 

Blue 
Red 



Black 
Brown 
Orange 



CA) 



17. 1000000a+5% Brown (A) 



CB) 



Gold 
None 
Silver 
Silver 
Gold 
None 



11. [ 
1»2.[ 

13. [ 

14. r 



15. [ 



16 A. 
i6B. [ 



(C) 



17A.[ 



17B. [ 



17C. [ 



EXTRA CHALLENGE! Try this ones 
18. Blue Gray Gold 



Silver 



1 



18. [ 
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SCORE: 




GRADE: 





Hmm: 
0Ate: 
Period: 



t WORKSHEET 
QUEST ACTIVITY 

"UNIT ^2" ' , ^ ; 

In this activity you will be color co4ing resistors for an %sslgne<3 value 
and coaputing their tolerance ranges. Cut out the puppets on the attached 
sheet and use them as the color bands for the blank resistors drawn belpw* 
Use colored pencils to shadf in each puppet. 

EXAMPLE: v 

A. Color code a I804\^l0t resistor and determine its tolerance range. 



C 




Tolerance "range: Fron 19 8 A to 162i^ 







, V : III' .1 


Show work: 












percentajie 


upper liait 


lower lieit 


180 


180 


#180 


X .10 


♦ 18 


18 


- 000 






180 ^ 


198 


162 % 


18.00 







1» Color code a IZOOOJi^SI resistor and detemine its tolerance range. 

' ■ ■ ■ 'i.' ■ 

"-r- ^ 




Tolerance range : From 



to 



Show work: 
percentage 



upper limit 



lower limit 



Date : 
Period: 



Color code a 56^0ji.^SI resistor and date radne^ its tQle ranee range 




Tolerance range: Froa to • 



ShQw vork: 






percentasie 


upper limit 


lower limit 









\ 



Color code a 47<4v4-20l re^is.tc^r and determine its tolerance range, 




Tqlerane^ range: From to 

wo 



Show )*ork: / 
percentage upper limit lower. limit 

/ • 



» i — ■ " " - " ' - 

Color code a 8SOO0Ojx*^10% resistor and determine its tolerance range. 




I Tolerance ranee: From to 



Show work : 




percentage 

• 


upper limit lowei* limit 

^^^^^^ 

/ ; ! 

.., ■ ' ■ ■ -I* i 
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SPECIAL QI^STJ 

S. Have your teacher assign you an individual resistance^alue, Color 
code that resistor and conpute its tolerance i-ange, 

* Resistance value: ■ 



Show work: 




Tolerance range: From 



tb 



percentage | upper limit 



lower limit 



T 



\ 
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.1 



Nane: 

Date : 
Period : 



INFORMATIONAL HANDOUT 
THE RESISTOR COLOR CODE 



■ I • 
• \ 



"Casbon composition resistors usp a system of three or four «olor bands 
painted on the body of the device to indicate its ohmic value. Each 
color frtoslates into a HMsber or percentage equivalent. Here's how the 
^ystem^ works. / • i 



Color Code Chart ; 

First Color Secoif 



ill 



olor 



Third Color 



Fourth Color 





Band 


Band 


Band 


Band 


Color 


First 


Second 


Number 




Code 


Digit 


Digit 


of Zeros to 


Toleriin^e 






Add 




0 Black 




A. 


0 


No color 201 


1 Brown 


1 




1 


Silver 101 


2 Red 


2 




2 


Gold ,51 « 


3 Orange 


3 


Ik/ 


3 




4 Yellow 


' 4 




4 ; 


* 


5 Green 


5 


S 


s 




6 Blue 


6 


6 


6 




7 Violet . 


7 


7 


7 




8 dray ^ 


' 8 


8 






9 White 


9 


9 




\ ■ ■ 


- Gold 






+ 10 




- Silver 


m 




^ 100 















Locating The Color Bands 

Start from 





»)) 


1 -a 







First band . 

»v (1st digit) 

Second band 

(2nd digit) 



J i. I 



.Fourth band 

^tolerance) 

ThiVd band 

(multiplier) 
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Dam ^ 
Period: ^ 



Using The Color|Eode i 



Even though it looks a little complicated, using th^ color code system is 
actually pretty easy once you have the hang of it« These are the points t'« 
reiaejBberl It . 



4: 



to 



1. The first color band represents the first digit. | 
J 2. The second color band represents the second digit. 
3. The third color band basically tells how m^ny zeros are added to 

the first two digits. 
A* The fourth color band indicates the ♦ tolerance. 



EXAMPLE: 



Red 



Violet 



111 



No color 
Orange 



Red 
Violet 
Orange 
No color 



2 
7 

(3)000 
♦201 




Total Value 27000A.*20t 



Green' 
Blue- 



1111 



Silver 
Red 



Green ■ S 
Blue m 6 
Red - (2)00 
Silver ■ +101 




Iptal Value 5600^+101 



J 
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Date: 
Period: 



INFORMATt (»JAL^ HANDOUT 
RESISTORS - WHAT THEY ARE AND HOW THEY FUNCTION 



.A 




(((( 



calrbon 
xoapositicm 



Wire Wound 




Film Resistor 




Fixed- value 

• resistors — AAAr- 



Variable resistor 



(potenti 




Tapped. Resistor 




GENERAL INFOR»iATION ; 

A resistor, as the name implies ^ offers resistance to the flovn of electric 
current. Most electronic circuits require a number of resistors for such 
tasks as reducing voltages, limiting currents etc, 

A resistor may be of a fixed, adjustable, or variable value. The terms 
"potentiometer", "rheostat", and "volume control" are often used inter- 
changeably to describe variable style resistors, but they are not the same 
thing. A potentiometer or rheostat is a device whose value can be varied 
■echanically , such as by turning a shaft or moving. a slider, A potentio*- 
meter is a three terminal variable resistor with connections at both ends 
and to a center moving contact, while a rheostat is a t\^o terminal variable 
resistor with a connection to a moving slider, and only one end. Study the 
diagram on pa^e - 18 , It describes the internal connections of both 
devices. A volume control is a potentiometer used in a Specific application 
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Date I 
Period: 



When connecting fixed value resistors into a circuit you need nojt worry 
about polarity* Thus , a resistor nay ^e oriented in either direction in. 
the cireuit. Also be aware that resistors produce heat while biperating. 
Many, wi rewound, tesistors will produce enough heat to cause, serious burns , 
so be caUtiausAwhen handling resistors in a circuit that has recently been 
turned off>^ • 



i 





Resistors are made in three basic types; carbon composition, wire wound, 
and film. /These same materials can be -used to construct either fixed value 
or variable style resistors in a*large number of ohmic values,' • 

Ml resistors have three important specifications: ' ' / 

VALUE: Given in ol^ms , kilo ohms (kA - thousands of ohms) , and megohms' (Ma. - 
millions of ohms). The word ohm is often represented by the Greek letter 
omega - (ru) , J ■ 

» 

WATTAGE: Specified in watts or fractions of a watt. This is the amount of 
electrical power the resistor can safely diissipate as heat. 

TOLERANCES Given as a percentage figure, indicates Jthe possible variation ' 
in a resistor's actual value from its "normal" rated value. For example, a 
iOOO ohm, 10% resistor may have an actual value somewhere between 900 and 
1100 ohms. 

- , ■ • • ■ ■ • 
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SCOlUi;^ 
CRAliU: 



T F 

A B'C b 



1. 
?. 

3. 
4. 

5^ 
0. 

9. 

« 

11. 

^2, 
"13'.' 

X4. 
•IS. 

17. 
I' 18, 
•1 
2 
21. 
22. 
23., 

24.. 
25 



4711^^201 

l:T"".j: 



56000. +1UI 

■ i IT I 
oiooooa +5> 

I .1 r 



brown 



fey - 



green 



5^ 

bl20a 



748QA 



liXAM Lil U12 



N ame : 
* Date: 
Period : 



T F 
AB CD 



2b. 
27. 

28. 
29. 

3u! 

..33", 

34. 

•35. 
3(}. 

37. 

3«.i 

4q. 

41. 
42* 
43. 
44. 
45. 
40. 
47. 
48., 
4i). 
SU. 



■ * 






■'A 










* 




f , 
« 




■1 


















































: •' / 
























a 










- 


>• 


















































-J 


■ 








• 































T F 

A BCD 



51, 
52. 
53. 
54. 
55. 
SO. 
57-. 
58. 

'sy. 

00. 
01. 
62. 
03. 
04. 
65, 
00. 
67. 

bB. 

09-. 
70. 

72. 
75. 

74. 
75. 

























r 
























* 




































































































































• 
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*Sh^w work for problems on back oJ' answer sheet. 
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70. 

• 77. 

n. 

80. 

81. 
82, 
85. 

• 84, 

85. 
86'. 

87. 
88. 
89. 
9 0. 
, 91. 

-:^92. 

' 93. 

95. 

«96. 

97. 

98. 

99. 
100. 



ANSWER m 



. JWOif YOUR DEFINITIONS 



1. , (subjective 

* 2. 4 (subjective 

3. (subjective 

4-: (subjective 

5. (subjective 

6. (subjective 

7. : (subjective 

8. (subjective 
9* (subjective 

lU. (subjective 

ilv (subjective 

12, (subjective 



aiisweT) 
aiiswer) 
aiiswer) 
answer) 
answer) 
answer) 
answer) 
ariswe r) 
answer) 
answer) 
answer) 
answer) 



3. yellow, viol«?t, black , - 

tolerance ran^e from 56. 4a 
' to 37,6a 

4. • gray^.j^reen, yellow, silver 

tolerance, range froF. 935,000a 
, to 765,000/% • r 

5. (subjective *answer) 



fl, RESISTOR COLOR CODING AND DECODING 



1* 


12O/l.+20% 




2. 


47000x1 + 10% 




3. 


3900ii.'»-5;i 




'4. 






5. 


S6001T0A+5S 


i 


6, . 


1000/v + lTFV 




7. 


8200Uicr*10i 




B.' 


1800000^ +201 






270/L"f54 ~ 




10. 


1500OtrO04k.4.10^ 


"1 


11, 


red . - 




12. V 


yellow ** * 




13. 


grey 




14. 


green 




- 15. 


yellow 




16A. 


iireen 




163. 


red , 




i7A. 


black 




1.73. 


jyreen,' ... 




i7C. 






18, 


•6.8<fl. + 10% 





■ / ■ 



C. QUEST ACTrVI.TY ' • 

1,. brown, .re^j' orani^e, gold 

,tolerance range from 12,O00./L 
to H|400A 

♦2. green, blue, red, gold 

tolerance range from j,880x>. 
to 5,320/1 ' 
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ELECTRICITY / ELECTRONICS 

CURRICULUM dUIDE 
IM^TRUCTfONAI. MODULE 




STATE OF CALIFORNIA 
DEPARTMENT OF EDUCATION 



NAME 1 ! ':■ , ' :^BY 

DATE STARTFD , ^ R. E. LILLG 

DATE COMPLgTgP ^ S.^SOFflOTTO 



-•STATii ELHCTRICITY/ELECTRONItS CURUICULUM COIDii 
' . XNSTUUaOR'S CUIDU TO ACCOMPANY LEVEL II UNIT I 1 3 

% . . . , .'■ ■ ' . ■ . , • - . 

Title of Unit : Electric L tips, an^ Heating Devices 
Time Alleviation ; 1 -week * 
Unit Goal ; 

, . ' . . , ■ 

To proaote interest and technical understanding of electrical devices 
employed in basic illuaination and heating, and to emphasize the 
significance of these devices to our daily life styles. 

Unit Objectives : ' 

The student Vri 11 be able to; ^- 

1. identify and differentiate operationally between the two laajor 
lamp varieties in hone use, incandescent and fluorescent. 

2. describe the advantages and disadvantages of each lamp variety, 
discussed in this unit and explain the relationship between lanp 

, size and its power rating. ^ 

■ ' ' * 

3. explain the concept t>f heat generation in terms of current %ow 
and resistance, and indic9.te several applications of this effect. 

Evaluation ; • ^ • 

The istudettit will demonstrate his/her competence in terms of tjiese 
measurable objectives based upon individual instructors acceptable 
performance criteria, which nay u^ize a coi^ination of written, oral, and 
laboratoqi^. t^stinj^ procedures., 4 

Instructor References: ' ' % 

Electricity and E lie ctronics Basic . William B. Steinberg and Vf a Iter Ford 
American Technical society, 1974. Unit: 20. 

■ , • k ' ' ■ . . 

Introduction to Electricity . Kurt Harding Schick, McGraw-Hill Ryerson 
Limited, 19 75. C3iapter;|^ 11. .. 

Undo 

Overview: 



rstandinjE Electricity and Electronics . Peter Bid) an and Marshall L. 
Schnitt" McGraw-Hill' iiook cio., is?75. Units: 29 and 33. 



Unit 13 is presented as a typical technical unit of instruction, how- 
ever, there 4rs a non-technical aspect that can be incorporated as an effect 
ive' unit introduction. This instructional topic would deal with the 
historical development of tlluminatinrg. devices , which can serve as a fasci- 
nating background description while, still imparting technical knowledge. 

Next, concentrate on the development of the incandescent lamp, and 
include in its description a detailed analysis of its internal electrical 

operation. f 

The topic of glow lamps has been divided into two major sub-categories 
but generally emphasis is placed on the fluorescent variety due to its 
widespread consumer application. * , 

The unit should continue with a brief narrative on the generation of 
heat from electrical energy. Remember a variety of appropriate exercises 
Q ^d laboratory experiments and/or projects should be .coordinated With all 
Ej^mit topics when feasible. ' * 

— ./ - / XII-U13-l2S4 ' 



Sugcosted Presentation liints/itethodolony ; 



1 



Follow the instructional module unit .outline as a basic skeleton 
for curriculum presentation, however, note the following: 

1. When explaining the historical nature of this unit do not rule 
out a field trip to a nuse^. Many museums hay e^ displays which ' 

^ show the development of lighting and the impact of such a trip 

is far greater than a lecture presentation. 

2. Power mtings may be a sublect that can cause some grief at this 
/level, so try to .attack this topic from the stand point that 

this rating indicates the ability of the device to convert elec- 
tri^al energy to either light or heat energy. Have -an assortment 
of devices handy "to illustrate the relationship of physical 
size to the power rating. 

3. Do not forget to compare the economics of using an incandescent 
lamp as oppose to utilizing a fluorescent lamp, Di§cuss the 
economy of leaving a fluorescent lamp burning or tuming.it on 
and off as li^ht is heeded. Additional resource information is 
generally available from Sylvania, General Electric, s^nd 
Westinghouse. • 

.4; If time permits, point out that mercury-Vapor lamps emit ultra- 
C violet rays, and that these are the same type that are used in 
special application lamps siich as sunlamps,^ blacklight lamps, and 
germicidal l^ps, -k-,^. 

Supplemental Activities and Demons tratibns^ 

,1. Collect and iiispiay a variety of incandescent lamps,.. Such a 
collection can either highlight the advances in the use of 
electricity for illumifiStion, or depict the siz6 an watt- 
age relationships of lamps for a comparative analysis. 
In depth technical coverage of a fluorescent circuit is optional 
bUt if desired a fluorescent lamp circuit should be constructed 
and used--t6 demonstrate mpre vividly the fundamental principles 
of operation. Use this as an opportuni4:y to discuss the 
advantages and disadvantages of fluorescent lamps.. 
3. Purchase at the local hardware store a Nichrome heating unit 
mounted in a socket and demonstrate to the class how this^^ 
device provides an intense heating source from electrical ertergy 
Discuss its operation in conjunction with the information pre^ 
. srented in this unit^ 

Instructional Module Contents ; 

1. Unit Outline (overhead) ' 

2. Pre-Post Test (keyed) 

3. Technical Glossary 

4. ' Worksheet (vocabulary) - Scrambled Word Puzzle 
, 5. Quest Activity 

6. Informational Handout (Historical Developnifnt of Illuminating 
Devices^ ^ ^ 

7, Informational Handout (Incanjiescent and Fluorescent Lamps and 
. Circuits) 

8.. Unit Module Answer Keys 2Sf') 

LII-UIS-^ " . ^ 



.2' 



• 



■I 



5. 



\ 

/ 



XIII. Electric Lamps and Heating Devices 

A. Incandescent Lamps 
!• ' Heating effect 

2, Sizes, voltage, and power 
ratings 

3. Physical construction 

B. Glow Lamps 
1. Neon type 



2. Fluorescent variety 

C* Electric Heating Elements 
1 . Internals construct fop 

2* Applications 
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T«st Niunber 



LII-UIS UNIT EXAM 



■J 



IMPORTANT- ' 
Indicate your responses on the answer sheet _only . Fill in 
the box corresponding to the correct answer TTo each question - 
there is only one answer for each question. 

!• A neon lamp contains a filanent. (T-F) . - . 

2. When current flows through a filament, heat will be produced . (T-^) 

■ J' ^ i. ' . ' • 

»•» ■ r • 

3. The carbon filament incandescent lamp was inventc^d by Thomas Edison. . 
(T-J^) 

4. The visible light produced by a fluorescent lamp is actually caused 
by glowing phosgphor atoms. (T-F) 



5. A glow lamp requires a relatively low vpltage (5 to 20 volts) to 
'ionize the gases trapped within it. (T-F). 

♦ . 

' ■ . ■ ... . ■ is 

6. As the amount of current flowing through a heating element increases, 
the heat produced decreases. (T-F) 



* 7. The wattage rating of a lamp indicates the amount of electrical 
power the lamp requires for proper operation. (T-F) 



8. An incandescent lamp is more efficient to operate than is a similar 
wattage rated fluorescent lamp. (T-F) , \ 



9. The filament in a standard incandescent lamp is made of: 
(A) copper, (B) nichrdme, (C) aluminum, (D) tungsten. 



10. The light output of a lamp, either incandescent or fluorescent 
^ is given in: ^ 

(A) lumens, (B) watts, (C) foot-candles, (D) candlepower. 



\ 



• \ ■ ■ i 
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il. For proper operation, a small aaount of must be contained 

. within the fluorescent lamp tube. 

(A) oxygen^ (B) neon gas, (C) mercury vapor, ^(D) fluorine gas. 



12, In order to increase the filament life of an incandescent larap, the . 
envelope is evacuated, and a small amount of is added. - * 

(A) argon gas, (B) hydr'bgen gas, (C) indium gas, CPi uiercury vapor. 



For questions 13 - 20 identify the parts of the incandescent Jlamp, and 
fluorescent lamp system pictured below, . ■ 




FILAMENT: 



FLUORESCENT 
LAMP: 



GLOW LAMP: 



HEATING EFFECT: 



HEATING 
ELEMENT: 



INCANDESCENT 
LAMP: 



tlONIZE: 
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TECHNICAL GLOSSARY 



Naae : 
Date: 

P||riod: 



The light producing pan of an incandescent lamp, nade up 
of a coil of resistance wire (usually tungsten) which 
heats up and glows as current flows through it. 

A cosmon type of lamp which. operates by passing an elec^ 
trie current through a gas. A typical fluorescent lamp 
consists of an evacuated glass tube with an inner coating 
of phosphor, and a tungsten filament sealed into each end. 
When a high voltage is applied, mercury gas within the 
tube will ionize and glow. The light -produced by the 
glowing mercury is invisible but when striking the phos- • 
phor coating, will cause the phosphor to fluoresce, or 
glow,, producing visible flight. Fluorescent lamps have 
the advandage pf high operating efficiency because they 
waste less energy in the form of heat. A 40W fluorescent 
lamp will produce approximately Sr times the light that a 
40W incandescent lamp 4tf ill provide. ' 

A lamp which has no filament. In this type of lamp, the 
glass envelope is filleLd with a special gas -which will - 
glow brightly when a voltage is applied. Generally this 
voltage is relatively high, from Sl to several hundred 
volts. This high voltage__cau$es the gases in the lamp to 
ion|2e. V ' | • 

A phenomenon which occurs ei^ time i^n electrical currotnt 
flows through a wire or a. resistance. The simple process 
of passing a current through a resis tance will cause heat 
to be produced. The amount of heat produced depends upon 
the amount of current and resistance. This effect is also 
referred to as I^R heat. ' " . 

A device which converts electric energy into heat. Most 
hearting elements are simply a piece of special resistance 
wire which is able to heat to a high temperature without 
burning up, f 

i " 

The most commonly used type of lamp. Originally invented 
arid manufactured by Thomas Edison. This lamp uses a 
filament, enclosed in an evacuated glass enveloi^e to . 
produce light. Current, moving through the filament 
causes it to ^ low white hot or "incandesce," producing 
a brilliant Jight. . Modern Incandescent lamps use a, - 
piece of thin tungsten wire as the filament. 

The process of applying a voltage to a gas, which is 
contained in an envelope, causing the gas to breakdown or. 
become electrically charged. Once the gas is charged, an 
electric current is able to flow through the gas, causing 
it to glow. 
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Date : 
Period J 



NEaV LAMP: | 



PWER RATING: 



A glow 1 asp which utilizes neon gas to pro4uce an orange 
colored light. Neon lanps are coaniaonly used as power 
indicators (on-of£ indicating lamps) and require a min* 
inun of 55 volts to operate,, t 

An electrical ceasurei^nt whi^ describes the rate at 
which electrical enet^y is conver^d into another form 
of energy such as heat or light. Power ratings are 
given in a. unit called w^tts. Symbol: W, 



RESISTANCE WIRE: i A special type of wire made of a metal such as nich'rome 
. or tungsten which provides a relatively high resistance . 

^ to current flow. Resistance wire is commonly used to' 

make heating elements f filaments, and 4d.rewQund resistors. 



VACUUM: 



The result of removing the air frpm a container or 
envelope, A vacuum means the li^clc of air and oxygen 




1 



Heating Element 
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SCORE: 
GRADE: 



1. 



WORKSHEET 



Nane: 

Date : 
Pdriod: 



A. I LAMP 



VOCABULARY - SCRAMBLED WORD PUZZLE 

. ■ ■ , ^ ■ V, ■ ■ ^ ■ ■ 

Unscraable the letters below to uncover the electronic tenss* 
IXAMPLE; / 
aY AMPL 

1. \ONNE 

\ \ 

. ■ ,' \ • ■ \ 

2. V ioNEII 

3. MUACVU 

4. MEATNILF ' . ' 

5. SCCNNNEEDITA 

6. •screentfoul 

7l WLGO PEMA 



3. r 



8. teaghni. ffctee 

WREOP NTGRAI 



I.. 



8.C 



10. TSRANECSEI- lEWR 



10. r 



1 



1 



Use a standard dictiorvary to locate a definition for the following terms 
11. LUME^; (Loo^ man) 




12. FLUORESCENCE:- XFlgg a res ons) 



SCORE: 
GRADE: 



.1. 



WORKSHEET • 
QUEST ACTIVITY 
"UNIT 13" 



Nam: 

D^te : 

Period: 



Utilizing the appropriate resource materials « (encyclopedia, books « etc*)«* 
write a brief biographical sketch on the life and ttajor acconplishnents of 
ThoMS A. Edison. 





.1 



Edison 



( 



•r 

1847 r 1031 
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% Period: 
INFORMATIONAL HANDOUT . 



HISTORICAL DEVELOfHENT OF ILLUMINATING- DEVICES 



Time Line 



PRIMITIVE SOCIETY ; 
Device • Torch 





Tlie historical record should begin 
with the early cave dwellers who 
found the means to control fire 
and illui^inate their caves. Soon . 
they began to record events by 
painting pictures on the walls 
while holding a torch. Later they 
created a sore functional device 
by using a hollowed out stone with 
^ fiber for a wick to bum fat which 
was placed in the, hollows'* 



SEVERAL HUNDRED YEARS 3EF0RE THE 
aiR T H & F CHRIST i' 

Device - Clay dish light .{^ 




EARLY 1600' s ; 
Device ■ Betty lamp 




The Egyptians utilized a simple 
clay dish light which iised oil 
or grease for fuel with a wick 
of cotton. This device was easier 
to handle and \a lot sore reliable 
than previous lifting ii^ventiona. 



Basically the Betty lamp iiad a wick 
inserted , into a container or vat 
of animal fat. This nay seem crude 
now but then it was thought, of as 
being an extremely portable device 
which offered a long burning time. 
Years later this lamp' was modified 
slightly and the fuel used was 
either fish oil or whale oil. 



LATE 1600*« : I 
Device • Candle 



LATE IWO's ; 
Device - Argand lamp 



MID 1800«$: 




Device • Kerosene iBmp 



LATE 1800»s ; 
Device • Gas lamp 





Date 



Period: 



The candle is true ly an ancient 
^lighting device I however the candle 
was used as a priraaty source of 
light in Colonial America and is 
still used in a limited fashion^ 
today. . These candles were made by 
coating a wick with wax and pitchi 



This lamp contained a hollow type 
wick and a glass chimney which pro* 
vided a double current o^ air for ' 
cleaner combustion and a brighter 
flame* This lamp marked an impor* 
tant improvement or change in' 
illumination devices. 



The use of kerosene fi^l in lamps 
was a great improvement in light^ 
quality. The addition pf a mounted 
reflector provided maximwfi light in 
a giveh area. This .lamp came into 
existance after the discovery of 
petroleum (kerosene) in 1859. 



The gas lamp produces light from a 
small gas flange. -The gas flows from 
the lamp through a smf 11 hole and 
bums aft^r mixing witjt, air\ - 
the gas burned can, be butane ^ 'coal 
gas, natural gas, acetylene, etc. 
if the flame wasr blown out ga^ would 
fill the room and cause a pot^entiall 
dangerous condition. . 
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1879: ^ 

•Incandescent lamp 




1938: 




Device ■ Fluorescent lamp 




Thomas A. Edison perfected the first 
practical incaiijdesc^nt lainjv A carbon 
filament was, u^e^d because of its, . 
abil'ity to glow white hot or > 
"incandesce"- under an app'lied. 
voltage. The light that wa* given 
off from the lamp was created with*, 
out a fi'ame and with minimum of heat 
to. the surrounding area. 



A common laliip which operates by ^ 
passing an -electric cur renV through 
a gas. A typical fluorescent lamp 
consist of an evacuated glass tube 
with an' inner coating of phosphor, 
and a tungsten filament sealed into 
e'ach end. When a high voltage is 
applied, s^rcury gas within the tube^ 
wil4 ionise and glow. The light . 
produced by the glowing mercury is 
invisible but when striking the 
phosphor coating, will cause the' 
phosphor, to fluoresce or glow, pro- 
ducing visible light. , Fluorescent, 
lamps have the advantage of high 
operating efficiency because ^^ey 
waste less energy in the fprm 
heat, 



A THOUGHT ; ' - 

T^rdugh the centuries , people have made'manyv^different kinds- of illuminating 
deyices. But all of them have been one of three basic types: ' ^ 





F^t or oil 



Gas 



3. 



Electric. 



today, we rely on electric lamps almost entirely for our light. 



Naiae: 

» 

Date: 

Period: 



INFORMATIONAL HANDO UT 
INCANDESCENT AND Ft UijRES CENT LAMPS AND CIRCUITS 

. Typical' Incandescent Li Bulb and Circuit. • 

^uas ^ Support wires 

Button * * , 

Button rod 

Heat; deflector 

■ I" J' ■ . ♦ • 

Ftiso ^ 

Bailie 




The incandescent lamps provide a^Srilliant white Ugh which is produced 
by the flow of electrons through the iFi lament. As electrons are forced 
through the tightly coiled tungsten filament ^ it begins t^o heat lib. bIov. 
and give 'Of f light. , ,r * y 



Switch' 



117 V ^ 




Typical Fluorescent Light and Circuit. 



■ ■ ■■ . r .. ■ - 

Phosphor coating f . 
inside of gfes-filled tube Filament 



'SI 
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Contact 
' . Pins 



1 



Nane: 

Date : 



The operation of a fltiorescent laBip is father co»p lex when compared to an * 
incandescent lamp^but thfere^ar^ some simi lariat ies* ♦ The tube itself has 
an /inner coating of phosjihor atoms and 4s filled wi^h a gas^ of 



argon artd iaercuTy vapor. At the extreme 6nds of the tube, "is located a 
heating filament^- electrode unit this in turn Is connected to -a set of' 
external contact pins. In addition to the tube, a fluoresjcent system 
requiter a. ballast coil iwhich provides a high voltage pwlse for starting 
the tu|>e and also operates as a q^irrent limiting device, and a starter 
switch^which^s used to time a halting cycle" in which the mercury within 
the tube is warmed and vaijorized. 



The! star^tdng sequence fbl lows : 
following occurs: 



i) 



Once the circiiit is energized, the 



21 



The filament units are energized, and warm the 
mercury within the tube, forming a vapor.. i 

Atia preset^time ^he starte/ switch opens # turning 
off the filaments and causing' the bal la's t to pro- 
duce *a^igh. voltage pulse, 

• • • , /j. ' . ■ . ■ " . • • 

This -high voltage pulse" is appfltfd to the electrodes 
of thfe tube-, and cau^s the merdiiry vapor to ^ionize 
and^ptodttce invisible light. , i . ^ 

Once the mercury is ioriisfed, the' Mroltage applied 
to the ele'ctrodes drops to about 120V. The ballast 
will ^Eoirtrol circuit current so that an excessive 
current will not destroy the lamp, 

# 

5) So^far the tuj^^>l5 only producing invisible light; . 
but as thisVTIght Energy strikes the phosphor atoms 
coated on the inside 0f the tube, it will cause 
them to glow or "fluoresce," producing visible light. 



.3) 



4) 
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Automatic starting switch 




Ballast-^^^^SS 
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V 




i. 

• 2. 
3. 
4. 
S. 
ti, 
7. 

b. 

9. 
10. 

11. 

12. 
13. 

14. 
15. 
10 . 
17. 
18. 
19. 
2U*J 
21. 
22. 
23; 
24. 
25;, 




I I I- I 



fijlao^en t 



lead in wires 

I i i ■! 
bulb 

III 
base 

1 11 
starter 



contact pins' 



ballast^ 



ABGD ' 



Ham: 
Uate: 

Peric^d; 



f 2b. 
27. 

28e 

2y. 

50. 

31. 

32^ 
33. 

34. 

35., 
50. 

37. 

3a. 

5U. 
40. 
41. 
42, 
43. 
44. 
* 45, 
40. 
47. 
4'8. 
49. 
50. 



TF 

ABGD 



51. 
52. 

S3. 
54. 
55*. 
56. 
57. 
58. 

51). 
.00. 
01. 
62^ 
63. 
•64, 
65. 
66. 

6 7; 

68. 

6(r, 

70. 
71. 

7K 
73. 

74. 

75. 
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*bhow work for problems on bqck of' answer sheet 
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IF ' 
A B^C^Cf 



^'76. 
77. 

7SJ. 
80. 
; 81 . 
82. 
83. 

84. 

85. 
86. 

m 

' 87 . 
88. 
'89, 
90. 
91. 
92, 

93, 

94, ' 

95. ' 
96. 
97. 
98. 
99. 

100. 
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MlSnBR KBY 



A. SCRAMBLED mwa PUZZ^ 

!• neon ^ - 

2.^ ionize 

A 3« vacuutB 

. '4. filaswnt^ 

5. en candescent 

6. fluorescent 
7m . glow laap 

8* heating effect 

9. power rating 

10. resistance wire < 

11. (subjective answer) 
12 • (subjective answer) 



r 



B. QUEST ACTIVITY 

(subjective evaluation) 
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ELECTRICITY / ELECTRONICS 

CURRICULUM GUIDE 
INSTRUCTIONAi. MODULE 




STATE OF CAtfFbRNIA / 
DEPARTMENT OF Ep,UCAT||bN 



NAME. 



DATE STARTED. 



DATE COMPL^ETED, 



ERIC 



/ 



BY 

. R. E. LI Lib 
N. ^. SOPFIOTTO 



2 



^ STATE ELECTRICITY/ELECTRONICS CURRICULUM GUIDE 

' INSTRUCTOR'S GUIDE TO ACCOMPANY LEVEL II UNIT Il4 

Title of Unit ; Electromiignetisa J , ^ 

Tine Allocation ; 2 weeks ^ 
Unit Goal ; 

t Tp broaden and fmpart greater st.udent competisnce in terms of cbmpre- 
hendihg the technical effects, application^ and influence that elec- 
tromagnetisB has on our lives , and to discover the inseparable rela- 
' tionsiiip to electricity that the topic clectromagnetiso enjoys* 

Unit Objectives ; 

, The student will be able to; 

I 1, vrite or recite an explanation describing th^ cause and effect -I 

relationship of the phenomenon referred to as electroibagnetisin, 

«» ■ i 

, 2.1 construc;t, operatei and explain the fundamental principles of^ an 
, electromagnet, arid identify the specific 'factors which affeCit- its 
■ ' . . ■ strenj^th, "* ' 

3. list and explain the operation of common devices that use the 
' principle of electtomagnetism. 

Evaluation ; 

The studefit will demonstrate his/her competence in terms df these 
measurable objectives based upon individual- instructors acceptab;ie per- 
formance criteria, which may utilize a combination pf written, oral, and 
laboratory testjng procedures, \ 

, Instructor References ; . ! 

Exploring Electro nics Basic Fundajaentals « Howard H. Gerrish, Goodheart- 
Wilfcox Co., .1^ 7 1. Unit;; 7. ^ ' 

'I ndus trial- Arts Electricity . Clifford K. Lush and Glenn E. Engle, Chas,' A. 



trial -Arts txectricity . Liittoru i-usn an< 
Bennett Co., 19 71. Chapter : IV' ( 

duction to Electricity and Electronics , Orla E. Loper and Arthur Ah r, 
Deitaar i'ubi.isners, i.y/i. Chapter: \ 



Introduct ion to Electri 
" Deib 

Overview: 



In Unit, 5 of this l^vel students acquired the fiecessary skills and 
knowledge to understand the properties of magnets and magnetism. Mn ton- 
• junctioh with thesfe essential skills this unit will serve as a means to 
' complen^nt those ^ompeflftcies and facilitate, an in >depth study of ^a similar 
- topic electrbmagnetism . ' '' . ' 

Oersted's aiscovefy Is ideally suited as a point of origin for 'this ' 
topic presentation, and it allows a smooth transition iJito^ the sj;udy^e,f the 
characteristics- of the electromagne'tic field. 

Next , "the electromagnet as a component itif If Should be analyzed 
4 including a heavy highlighting of the methods for increasing' tl^e strength of 
y an< electromagnet's fielid, 

, Unit 14 should conclude with an emphasis on the uses -or applications of 
electromagnfets , A variety of ^appropri ate exercises and laboratory; expert- 
mehts ,and/or projects should be coordinated with all unit topics when 
ERjc^asible. . v . 901 - y ' * - 

•-— „ ^ Lii-.ui44'^i ; ; . . \ 



Suggested Presentation Uints/^tethodoXogy' ; - 

Follow the instructional module putline as a basic skeleton 
for curriculum presentation, howp^er, note the following: - 

1. Try and create wiih the students an atmosphere of importance 
about the concept of electromagnetism so that' they realize that 

* this topic is one of the most vital' to t"he m'bdem electrical' erh. 

Stress that Oersted's discovery has made- possible countless - 
I devices from electroma,gne.ts to motors. ' • . 

2. Try this activity, "Spel 1 Down": Organize the .class into .two 
teams. Using the unxt' Technical Glossary, the captain of #1 
team will call o-ut 'a term,, student '#1 , team #2 will spell the . 
word, while student #1, team #1, will define it.- Alternate , 
thij; procedure and judge student performance. . • 

3. Before a lecture presentation, use.,thi$ activity to generate some, 
enthusiasm. Obtain a small, working, "black and white 

TV ind tune it for a local channel.- Bring a strong electromagnet 
close to the front of the C.R.T, and let the class watch the^ 
picture distort. Discuss the implication of what has been- 
observed, " • ' 

4. Safety is a prime consideta'tion especially in this unit on ' ' 
itromagnetism. Ofteii, students- will' construct a, "homebrew" ' 
:tromagnet, if they wrap too, few turns of wire on a nail, . ' 

as the armature, excessive current, ^flel^?.s . Obviously this 
Circuit condition is pcStentially d an ge roi^s , and -must^' be brought, tc 
the students attention. 
Supplemental Activities and Demonstrations: - ' 

r. In this unit the student can be made^.mo^te'.,awa)^e of the many 
'uses for electromagnets by describing abd Showing them th« 
following devices: speakers, recorder^.fieads , J3.eadphpn,es , bells,- 
buzzers, relays, motors, meters, etc.';'Try to sim);3li'£y and use 
practical examples in the explanations and' de'monSvtrati oris. . ' . 

2. Take some extra time to explore the glossary ^ound in tKis unit., 
It is rather large but essential to the.'unde,rs tending' of this, , 
unit of instruction. '.',.■''•'•»• 

3. Demonstrate, the' action of magnetic separation by mixiirg jjoh '■■\ V! 
filings and sand. Us6 a stron-g elect ronmgnet' to separate the 
iron filing'' from, .the othe.r ingredient. Discuss the', observati'oji. 




Instructional ^tod^lle Contents : 

1^ Unit Outline (overhead) , . . ' 



2i Pre-Post Test (keyetj) # if- " - ; „'■ ' ^ — 

3. Technical Glossary ' . '.^ 

4* .Worksheets' (vocabulary) '^Crossword PuzzTe ' ^ . 

Quest Activities . - \ , . 

6» ^nforinational "Handout^ (Ele^.t^romagnetic .Fields) 
7, Unit Mod;#le Answe;r Keys /. ^ > 



'XIV. Electromagnet ism 



o » 

ERIC 



A. 



The Electromagnetic Effect 
1^ Oersted's discovery 

2. Characteristics of the electro- 
magnetic field ^ ' r 

a. Lines of force around a 
^conductor 

b. Dire'ction of current flow 

' and its effect on a magnetic 

' V field 

c. Left-hand rule for wire 



B. The Electromagnet 
1. Construction 

3. Left-hand rule for coils 

■ 3. Factors effecting the strength 

of an electromagnet' 

C. . Use's of Electromagnets 

1, " Lifting magnets ( 

2. Relays 

■ 3. "Solenoid 

LII-U14-3 2S;i' ". 



f 



C, (continued) 

4. Buzzers - bells 



r 



r 



J 
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Test Niiinber ' 

Lll-Ui4 UNIT EXAM 

ELECTROMAGNETISM 

^' ■ ■ ■ V.'- ■ . ■ • '■■ ' 

IMPORTAfa- 

Indicate your responses on* the answer sheet only. Fill in ^ 
the box corresponding to the xorrect answer to each qi^estion - 
there is only one. correct answer for each qMestion.\^f 



1* l^rromagnetic laateriais are those materials which are^' attracted by 
a nagnet, (T-F) 



2. Flux Jines are also known as lines of force, (T-F) 



3, Because flux lines do not have North and South pole's, a compass 
cannot be used to determine that they do exist around ;a current 
carrying conductor. (T-F) • . ' 



4. The ir^ core of the electromagnet does not affect the strength of , 
the magnet, (T-F) . 

5,. Like poles repell whilB uiilike poles attract each Other/ (T-F) 



6. ' A magnetic field is made up of visible flux lines. (T-F) 



7. A solenoid is, an electromagnet with a Movable iron core, (T-F) 



8, Permeability is the measure of how long a magnet will remain magnet 
ized. (T-F) ' . • - 



9, An electromagnet is a type of permanent magnet, (T-F) 
10, A relay^is basically an electromagnetic switch, .^(T-F) 
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Electromagnetisin is an invisible |force whij-ch^ attracts* any metal. (T-F 

■ ■ ■ 1^1. 

A temporary^ magnet has high retentivlty or residual magnetism, (T-F) 

Magnetic linis^of force th^at exist around a conductor are caused by 
current flow in tlte' conduct or. (T-F) ^ r 



Electromagnetism xannot be produced by lising aiterhating current* 
(T-F) ■ . . ■ ' " . . . , • . , . . *^ 



•Oersted discovered that an electric current flowiVig in a conductenr 
will produce magnetism, (T-F) f 

Flu35/lines exist around a conductor at all times, (T-F) 



The armature of the relay must be made of a ferromagnetic material. 

Increasingi CTIfe current flow in a solenoid will increase the strength, 
of the eleetroiaagnet * CT-F) 



When using the-ieltrhand rule for current carrying coils the Ihumb 
points in the direction of current flow. (T-F) 



Flux lines around ;a current carrying conductor: - ^ 

(A> have no specific shape, (B) will appear at only certain places-, 
(C) form a circular pattern around the conductor," (D) have a north 
and south pole. . . } 

When two conductors carry opposite currents: 

(A) opposite electromagnetic fields are produced, {%) similar- 
electromagnetic fields are produced i (C) no magnetic fields arc 
produced, (D) the two fields repell one an.other.' 
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The left-hand rule states that the thuinh points to the nx>rth pole 
when working with: 

(A) a. coil, (B) a straight wire, (C) a solenoid, (D) both A and C. 

■ ■ ■ -i ^ ■ 

What causes' elect romagnetism? 

(A) free elect rpns in the conductor, (B) electrons flowing in the 
conductor, (C) a conductor, {D) an ele.ctric charge. 

A material" that has high retentivity can be used for: 

(A^ eljBctroinagnetS, * (B) permanent magnets, (C) temporary magnets, 

(U) paramagnets. ' 



When a solenoid 3^' energized with DC, the plunger; 

(A) moves, to the center bfHhe coil, and stops , (B) moves away from 

the coil, CG) mo^^s into and drops out of the coil , (D} willl nt)t 
move at all . 



1I 



TCaiNICAL GLOSSARY 



Name: 
Dalfe : 

Perip4J 



ATTRACT: 



^ELL: 



BUZZER: 



The process of drawing or pulling, toward an db ject. For 
exaisprie: a magnet will attract , a piece of spftsiron. - 



Basically a buzzor with a hamroer added tQ thfemdving end 
oF the arinature. The'hkiamer is designed to strike a bell 
oT gong each tiine the armature moves toward the electro- : 
magnet. The. electric bell is one of the oid'est household 
appHan'tes, '„ ,/ ■ ,. !, * \ ■ . 

An filectfomagnetici device which includes a flexible arm- ' 
ature, and switching mechanising The ar?iature i§, first , 
attracted to th'te energized electtomagnet ./ At a certain 
point,' the moving armature causes a s wit cm contact to . 
open, turning bfj^ the magnetic field, ancj allowing the 
armature to be pulled baipk by a spring. */ This reverse ' 
i^btipn closes the switch to' reenergize the -electromagnet 
and %gainti attract th,e armature. This process is reapeat^d 
over and 'ibyer again ,^ creating a buzzing sound. / 



can; act 
is used 



as a "form" - for! 



Th e ce^ t e r o f a w i re coil; wh i ch 

jthe wi^appings .of wire, Thfe coreJ is used to provide a^ 
■^agnetic path for fliix lines , an J is commonly made of 
<H.ron, b"r ..Laminated sljeets of iron. 'Many -coils do 'not 
%n iron or vfiietal^ c«r^^ but rather use p^raltic or car.d- 
ioaJrd tubes ; this type of coil is calle'd ati; air core coil. 



soft- 
use 



ELECTROMAGNET: 



ELECTROfiAGNETjSM^ ^ 



I 



FERiROMAGNETIC 
MATERIAL: 



- FLUX LINES :i 



A coil of insulated wire wrapped^ around a' soft iron .^core 
which'' beep m6s ia^gn<?tic when a current^is forced, through . 
it.- The core acts to" concentrate the raagnetic-'linc of 
force. • And becomes magnetized When current flows through 
the' CQi;% ■ ■ • ^' ,^ ' . ■ ■ ■ ■ 

The magp^tic effect producedvWhen,.^l£iLt,ronis' flow throug|i^ 
a wire or coiT. -iThis invisible p^eld prqduces both, a " 
north and^GUth njagnetic^ pole, srmiiar to ^. permament ' 
magnet. The sttjngth of' this field' de]3ends upon- the • ' 
m^agnitude of th^ current flow^'tlie puml>er of turng of wire 
in tJie co.i^l, and the type of core used, If the current 
£lbwi-ng through the wire or coil is stopped, the 'magnetic 
effect ceases ^ ' 



A classification 



magnet, 
cobalt . 



These 
etc. 



for materials which are at acted "bv 
magnetic. materials 'include iron, ftickei 



The .lines of magnetic force which isxist around a magnet", 
also known as "'Lines /bf force."' 
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Name : 

m 

pate : 



Period ; ^ . 



•'A method used to determine the po;iatity of the electro- 
magnetic field surrounding a single conductor, or a coil. 
I^n the case of a single conductor, the lef^t thumb points 
in the direction of electron flow, while the fingers, 
curled around the wire, indicate the direction of the flux 

, lines. To use the left-hand rule fop a coil, wrap the 
fingers of the le^t-hand around the coil iJi the direction 
of current flow; the thumb will then be pointing toward th 
coil's north pole.' , . • . . 

A very strong" electromagnet, commonly used for moving 
scrap steel.' The a<Jvantage of the lifting magnet is that 
tWe^ magnetic field can easily ;be switched on and off. 

^ ■ . ' * ' 

The space around m magnet or electromagnet which is 
inflwnced qr affepted by its m^CTietic force. 

The portion of a mdgnet where the lines of force are 
most concentrated.' ^In evety magnet there is one north- 
seek-ing pole (N-pole),, iind one south-seeking pole (S-pole) 

The* invisible fo,rce, eaerted by a magnet, that allows it 
to at^tract ferromagfte'tic materials and to attract or 
. repel I' other magnets or magnetic fields. 

, ■ ■■' - ; ' • ; I 

A measure pf hpw easily magnetic lines of force cap pass 
through a material, ' ' 

An electrical device, basically a switch, pontroUed or 
turned on aod' of£-by an electromagnet. Generally, the 
; current flowing to the electromagnet is (;jontrolled by a 
separate circuit. Relays are used in sevenal electronic 
dev,ices, but they are slowly being replace^} by modem 
solijd state, switching, devices. , Symbol : 
Letter symbol': K. 



tu^ process of pushing away or forcing back of an object^ 
A north pole of a magn-et will repel,, the north pole of a \ 
se^oivd' magnet. , ' ' ■ 

The magnetism remaining in a material or magnetic core 
after the magnetizing force is removed. The ability of 
a material to retain magnetism' is referred to as retenti- 
vity. 

A cylindrical electromagnet made with a movable iron core 
or^plungej". When the electromagnet is energized, the 
plunger is sucked or drawn into the -center of the coil. 
A spring will puli the. plunger partially out of the coil ' 
when .the circuit . is denergized. The pulling force of' a 
solenoid can be sttong enough to operate switches, locks, 
valves^ or door chimes. Solenoids are also known as suck- 
ing coils . 
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WORKSHEET 



Date : 

t 

Period: 



VOCABULARY - CROSSWORD 



PI rr 



^ 



EE 



EH 



US' 



n 



IT 



IBl 



n 



Em 
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ACROSS • . 

I • 

3, The space around a magnet which 
vis influpnced by its magnetic 
force • 

5. A type of jpagnet which l-oses 
its magnetism, very rapidly 
once the magnetizing force is 
removed. 

8. A type of magnet which' requires 
coil of wire, soft iron core, 
and electric current. 

9, The invisible lines of force i 
surrounding ^magnet. 



14, Electromagnetic device which 
utilizes xlexible, vibrating 
armature. 



15. A measurement ol the ease at j 
which flux lines move through a 
material. . i 



DOWN 
^• 

2. 
4. 

6. 

7. 

10.' 



Materials which 



are readily at- 



tracted -by a nf^etic field 



To draw or pull 



One 




CdlfiBr of a wire coil. 



the oldei 



toward an object 



t household 



electxi|liic appliances. 

Tlie nagtif tisjB retained by the 
soft ir(»s core df an electromag- 
net. \v . ■• 



11. 
12. 
13. 



A method #ed to, determine the 
polarity of an electromagnetic 
field, knowti as jthe ■ 
hand rule. . | 

Sucking coil, / 

.i 

The opposite of attract. 
An electromagnet ijc switch^ 
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SCORE: 
GRADE: 



WORKSHEET 
QUEST ACTIVITY 
"UNIT 14" 



Dat« : 
Period: 



Complete the drawing of the electric bell » by sketching and labeling the 
remaining internal and external part!^; be conpxete and accurate i Next , 
describe in detail the electricfil operation (yt the device - be specific. 




Electrical Operation:. 



I 

o 

ERIC 



ELfDTRIC 
BEU 




DOOR BELL 
SWITCH 



BATTERY 




1 
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7 



Nane: 
Date: 
Peridd: 



INFOmTtONAL HANDOUT 
ELECTROMAGNETIC FIELDS 



(J) THE MAGNETIC FIELD AROUND A SINGLE CURRENT CARRYING CONPUCTOR: ' 





(2) 



Crops-section D^rectiop of 

iar^wihg of a coi>- Current flow < 
4uctor and magnetic % 
|ield showing ^ 
ifurrent flowing 

i^oward you (•) , . . 

i^Tim.MAG^^ INTERACTION OF TWO PARALLEL CURRj^NT CARRyKJC CONDUCTORS: 

^^^^^^^^^ ^rf^^^^^^^^k * ■ ^ * 



Co|iductor Cross-section drawing of* 
a conductor and magnetic 
field sho\<ing current 
flowing away from you (X) 




V/hen two parallel-wires carry opposite currents, 
opposite eiectrbwagnet^c ff0lds are developed. 
These -field* .witfi opposite polarities will repel 
each* other. ' . - ' 



When two parallel wires carry a current flowing in 
the same direction, similar electromagnetic fields 
are developed. Flux lines flowing in the same 
direction join, or add, causing attraction. 



(2) TriE MAGNETIC FIELD SURROUNDING A CURRENT CARRYING COIL: 
Direction of Current 




Around a coil, the flux lines are' all flowing in 
the same direction, thus adding together creating a 
stronger field, -^e strongest concentration of 
flux lines will be located within -thq^ center or . 
core of the cpxl . 



@ INCREASING THE STRENGTH OF AN ELECTROMAGNETIC FIELD: 



ERIC 



Increasing current flow through a jfire or coil will result 
in the strengthening of the field. 

The addition of more tums-of wire to a coil, or wrapp^ing the 
wires 'closer together will also cause an increase in magnetic 
strength » ^ - . • , 

Including a soft iron core withinv the coil will tend to. con- 
centrate the magfuctic flux lines and produce a stronger 
field, Th lis, the type of core used in the electromagnet will 
affect its strength, 

' V 2^2 ' ^ 
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Name : 
Date: 
Period i 



@ THE LEFT-HAND RULE: 



This foTD of the left-hand rule is used to determine the 
direction or polarity of the Magnet fields foroed around a 
sitlgle conductor or coil* 




To use- the-left hand rule for a single con- . 
ductor, point your left thusib in the, direc- 
tion of current flow; your fingers will then 
wrap around the wire pointing in the sane 
^rection as the n'agnetic field. 



Current Flof 




Cut rent 
Flow 




Thumb 
points 

towards north 
po-le of the coil 



Fingers point 
in direction of 
current 



When using the left-hand rule for coils or 
solenoids, sisply wrap your fingers around the 
coil in the direction of current flow; the left 
thumb will point toward the .north magnetic pole 
of the ooil. 
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SCORJj : 
GUAi)H: 



L'XAM 1LII-U14 



Date: 
Period; 



TF 
A BCD 



: 2&. 
27. 

28. 
2y, 
30. 
31. 
32. 
33. 

* 34. 

35. 

3b. 

37, 

58. 
•5i>. 
, 40. 

41. 

42. 

43. 

44. 

45. 

40. 
' '47. 

48. 
^ 49. 
. 5U. 



T F 

A B C D 



Si: 

S2. 

S3. 
54. 
55. 
56. 
57, 
58. 

59. 

60. 
61. 
62. 
63. 
64. 
65. 
. 66. 
6 7. 
68. 
69. 
70. 
71. 
^ 72. 
73.' 
74., 
75. 
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*Show work for problems on back of answer sheet. 



TF 

ABC D 



70. 
77. 
78. 

i 

79. 
80 « 
. 81 . 
82. 
83., 

84. 

85. 
86. 

87. 

88 J 
89, 
■ 91). 
' 91. 
92. 

V 93. 
94. 

95. 
96. 
9 7. 
98. 
99. 
100. 
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A* CROSSWORD PUZZLE 
ACROSS 

4 

3, field 

Sm teaporary- 
8. electroMgnet 
. 9.« ' flittxUnes 

14. btizzer ' 

15. pemoabllity 

DOWN ; • - 

1. ferrosagnetic 

2. attract 

4. core 
^ 6. bell 

" 7. residual 

10. left 

11* solenoid 

12. repel ' 

13. relay/ 

B. QUEST ACTIVITY 

(subjective evaluation)' 



ANmR KEY 
\4WITX4 
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/ ELECTRONICS 

iCURRICUtUM GUIDE 
INSTRUCTIONAL MODULE 




STATE OF CALIFORNIA , 
DEPARTMENT ' OFv EDUCATION 



NAME. 



DATE STARTED. 



DATE COMPLETED. 



BY 

R. E. LILLO 
(^N. S. SOF^OTTO 



/ ' iNSTRUGTCm'S. GUIDE TO ACCOMPANY LEVEL II UNIT 9 tt^ . 

Title xy£ Unit!- -^nA ^rm^^^^i^A^y . ^ 
Time Allocation ; 2 weekt_^ ' ^ . " 

Oiiit Coal ; j ^ 

Td review, introduce, gnd infuse fumdaisental coopetencies related ito 
?ff^rif"?^®^^^^-^^' terminology, and importance of both DC aird '/i£ 

♦ ' ' ' ^ ■ ' . 

Unit Objectives : ' . \ 

The student wiU be able to: 

1. "explain and differentiate, between direct and alternating curre^ 

2. 'nane three specific advantages that AC has over DC. and list at * 
^ least six practical applications of AC, ~ . ' 

write or recite the major reasons why alternating' current is 
>^ utilized as our primary source of power in the home. ' 

■ • ' ' ' ■ ■ 

Evaluation ;'. ' 

■ ' — ' . ' . 

Thie student will demonstrate his/her competence in terms of these 
measurable objectives based upon individual instructors acceptable-, 
performance criteria,| which may utilize a combination of written, oral, 
and laboratory testing procedures , ' " 

Instructor References ; 

Electricity One-Seven. Harrv Mileaf, Hayden Book-Company. Inc., 1976, 
Liiapter: Electricity Three. ^ " ' , 

Exploring Electricity Electronics Wi th the Electrical Team . Philip J. 
Hoiiain and iftomas fc. Kraus, Delmar Publishers, 1971. Unit; 17.. 

Individual Learninfi Program In AC Electronics . Heathkit Continuing Educa- 
tion, Heath company, 1976. tJnitl TZ , 

Overview : , 

Unit 15 was created primarily as a means to briefly examine altet- 
natmg current. Immediately emphasize to the students that those who plan ^ 
to work in the electricity/electronics area must be familiar with the 
basic- characteristics of AC. 

^ The unit should be formally introduced with a review of DC current. 
Once this is accomplished present the specific characteristics, history, 
and general importance of AC, " . 

Next, concentrate on explaining that electrical devices require a 
icertain kind (AC/DC) of power input in order to operate properly and then ' 
examine wHy this condition exist, r *- / 

• IS^concludes with the students being exposed to the reasons why 

alternating current is the predominate kind of electrical current being 
utilized today. A variety of appropriate exercises and laboratory expSrif- 
ments and/or projects should be coordinated with *all unit topics when 
feasible. 
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:>ucgcsted Pr«5entati6nmnts/»tethodoloiiy : ' * ' V 

^ Follow 

the instructional nodule unit outline as a basic skeleton 
tor curriculum presentation, however, nate the ^ollowing^ 

1. Do not oake this topic more confusing than it has to l5e. Note, 
that the unit outline only calls for a brief, yet, informative 
examination of "alternating current, however, do take some 

> tiEie and effort to show the relationship that does existTJ^tween 
alternating, and oi re ct current. Unit time is better spent in 
analyzing the basic characteristics of AC/DC rather than totally 

* • o ^fPiO'^ins complex nature, of alternating current at this time 

I. students will need the qompetencies^which will allow then the 
ability to classify electrical devixes into their proper power 

* • requirement categories. To accomplish this indicate to them' 

that If the electrical device is independent, portable, self 
contained, and/ or requires only a moderate amount of electrical- 
. - power It probably ^operates on direct current for its energy 

requirements. , - 

^* SHf^^"^^^ student comprehension occurs when explaining that 
different kinds of currents sometimes co-exist in the same cir- ' 
- cult or deyice> so expect this problem and be prepared tp elab- 
. ■ ^ . orate on the concept. Also, impress on students that thfe 
term . signal means AC, yet, some circuits need DC for ^ 
components to function properly and the AC is wh'^t is. being 
processed through the system. ' ' . " 

Supplemental Activities ajfd Demonstrations : 

■ * ' -N . . " 

1. If an oscill^oscope is available in th'e shop, utilize it in the 
analysis , of alternating current. Display waS?es on the screen fox 
students to view. Students enjoy working, with this kind of 

test instrument and if several students are capable allow them tc 
investigate the subject- topic further. 

2. Construct and discuss on the blackboard a mock electric power 
transmission system. Include a power plant, a control center, 
transmission facilities, distribution lines , -and devices for 
increasing or decreasing the voltage. 

3. ' A description arid demonstration on transformer action and recti- 
/-M ideation i^. generally easily handled by students as long ''as the 

- if tjieory is confined to a basic input/output analysis. 

. . ' . 

Instructional Module Contents ; 

1. Unit Outline -(overhead) ij 

2. Pre-Post Test (keyed) 

3. Technical Glossary 

4. Worksheet (vocabulary) - Cryptics 

5. Quest Activities 

6. Informational Handout (DC and AC Current tharacteris tics) 

7. Unit Module Answer Keys 

V. 
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XV. DC and AC^EXectricity 

A. Review of DC Current Characteristics 

B. What is Alternating Current? 
!• Back-and-f orth motion of 

electrons ^ 

2. Histdry and irapprtance of AG 

C: How Do We Utilize AG and DG Elec- > 
tricity? 

1. Examples 'of • devices operating ^ 
- only on DC. 

" ' ■ ■ ■■ / . . • ■ . 

— 1 ' , \ ^ . 

2* Examples of devices operating 
only on AC 

3. Combination Device's • 
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Why is Alternating Current Our Most 
Common Form of Electricity? 

1. Efficiency of generation' 

2. Effective means of transmission 

* 

3. Conversidn ability 

a. Transformer action 

> 

b, ^Rectification 
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^ . .. " • ■■■■ \\ • ■ 

i \ m-UlS • EXAM 




Test^JiJiinber 



• 

9 



' DC m) AC ELECTRICITY ' ||( 



• / 

\lMI*ORTA^T- . ' ^ 

Indicate your responses pn tAg knswer^slwt on ly! » Fill >n 



AKUi^wttuc y»ur responses pn uiQ mswjet^stiWt oniy » Fill 
the box corresponding to the colore <Jt answer toTa^h question 
, there is only one correct answer \f or each; q^efrtion. 



v 



V V?" should expect the" output voltage of .an AC generator ta look 

V . * liKe -a rerf-tanfiular wave when displayed on 'an osciUoscope, (T-F) 



> T^^ ^® of electricity supplied to our hcimes DC. (f-F) 
3. Uadid'signals are considered AC type electricity. (T-F) 



4. 



- 5. 



A radio uses both AC and^UC type- electricity in its operation, (T-F) 



DC has the advantage that it can be easily changed to AC by usinc a 
rectifier. (T-F), . , • 

6. ^-- Electrons will always flow from negative to positive in a DC circuit, 

, but not necessarily so in an AC ciTCuit. | (T-F) 

7, .Alternating current' will traviel m. longer distance through i trans- 
mission lin^', than a similar value of 'direct current. (T-fV . 




An alternator , is a device .used to generate either AC or DC electricity 

,(T-F^)'' ^ ' - ^. 



1 

9. The 

ct 



e amplitude of an AC wave ii a ne aspire of the waves vertical size, 

-F) V ^, * ' A- ^ ' \ • •' 



10. Hie frequency of the AC powisr supplied ' to our homes is 117V, ^ (T-F) ' 

• - * - ' ' • . ■ 1 
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.I'- 



ll, coaplete AC cycle can be pictured *as follows : \ j CT-F) 



\ 




12; The process of changing DC energy to AC enercy is called rectifi- 
V cation. (T-F) . 

- • • , " ;. ■ • ■ 



^ 13-. 



A transformer has the ability to either step-up' or step-down an AC 
voltage. (T-F) ^ - . . — 

V . ■ . 



14, iligh frequency AC signals, dialled radio waves, can travel through 
; ^.the air over long distances, (T*F)^ 

♦ - ■ ■ 

* ■ 

15. ^ The telephone conpany uses AC impulses sent over transmission lines 

to produce sound. (T-F) ' 



16, An alternating current wave changes in: 

(A) direction only, (B) ^lue only, (C) both, value and direction, 
(D) frequency and value but not direction. 

17, Alternating current is used as: 

. CA) .a^ source of el^ctric^l power and as a means of carrying informa- 
tion or intelligence, (B) a source of power only, (C) a means of 
• . carrying information only, (D) an AC signal only, ^ 

. ■ f . ■ • ■ ■ 

18, The. number of AC cycles jiroduced in one second is called: 

{A) an alternation, KR) the sine curve, (C) the frequency, (D) an 
.a1,terhating current. 



19. Identify the device} which has the ability to convert AC energy of 
one voltage and current value to anothe4 combination of E and I : • 
(A) rectifier^ (B) alternator, (C) transformer, (D) generator, 

20. Which is an advantage of alternating curr/nt? 

(A) can be easily chan^jed to DC, (B) can travel a longer distance 
through transmission lines, (C) can be transformed from one voltage 
to another with minimal power los^, (D^ all of the above. 
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' 1^ Name: 
^ Date : 



TECHNICAL GLOSSARY 



Period; 



ALTE-RNATING 
CURRENT t : 



V ALTERNATOR: 

AMPLITUDE: 
CYCLE: ' 
DIRECT CURRENT: 
FREQUENCY : 

GENERATOR: 



^A flow of electrons which flow first in one direction, 
stop, aird then flow. in the opposite direction. Alternat- 
ing current can be thought of as a back and forth nove- 
aent of electrons^ varying in aoplitude frooa naximum to 
lainiBuin value. The altemiting current signal is iiepicte* 
as a sine wave: : Abbrev, AC* ♦ . • 

Ah alternating cuii^^ent generator that utilizes a stator, 
rotor, slip rin^s,"ajR^d , brushes to produce electricity, ' 
Symbol: iA^Mter syisibQli GEN, 




The vertical si 2e or height of an alternatiiig current 
, wave, \, ; ■ ■ ■ . , 

One complete alternating current wave. One cycle consists 
of two alternations, one positive and one negative, 

. An electric current whicli flows in one direction through 
a circuit from negative to positive. Abbrev. DC, 

The number of complete AC waves or Cycles which occur 
during a particular amount of time, usually one second. 
Measured in the basic unit hertz. Symbol: f, 

A machine used to produce electricity, either AC or DC, 
by causing a series of interconnecting coils to either 
cut or be cut by a magnetic field. Symbol: 
Letter symbol: GEN. ""^"/^ • 

POWER FREQUENCY: The frequency of alternating current electricity used for 

household energy or power. The power frequency used iji-T 
tTie United States is 60 hertz, \ • 



POWER LOSS: 



RADIO WAVE: 

0 

RECTIFICATION: 
SIGNAL: 



The loss of electrical energy due to resistance. Power 
loss is a.majoT problem in transmission lines, where the 
combination of current flow and wire resistance will 
produce heat, causing electrical power to be wasted "or 
lost, " ,^ 

« 

A high- frequency alternating current signal used to carry 
intelligence or messages through the air. Radio waves for 
example, d*e used to carry radio and television -signals. 

The process of changing alternating current into direct 
current, 

A changing AC voltage or current which contains informa- 
tion. Certain AC signals for example can be chan'ged into 
sound, light, or magnetic jfuises. 
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SINE WAVE; 
SOUND WAVE : 



TRANSFORMER: 



TRANSmSSION 
LINE: 



have: 

« 

Date: 
Period: 



^'^^S PI*'^^^^ AC ^©neMtoxl Ope complete 

sane wave can be drawn as follows:^ ' pici.c? 

"^appliei 



I low frequency AC signal which when'^applied to a V • ' 
peaker wi4l produce sound that can be heard |>y the humai^ 



A 

s 

ear. 




A Wire or^ heavy cable used to conduct or guide v 
ISlfv°LS:5 another. Trans.x^sion lines " 

flM00^ol?I7 ip the^nexghborhood of 



r 



i 




CONSERVE 
OUR 

ENERGY 




VOCABULARY - GLOSSARY "cRYPTICS / 
Decode the cryptic messages below to identif^^e electronic term. 
EXAMPLE: 




Name : 



Date : i 
Period: 




-P+ ATIOM M 




- 1 *S 




. SCRATCH 





9. 





-A +115 




Uoooti 




L£ + 





- p + 




10. [ 
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SCORE: 
GRADE: 



WORKSHEET 
QUEST ACTIVITY 

* ■ 

. "UNIT 15" 



Name: 
Date : 

9 

Period-: 



1. Classify the devices .listed below -according to their primary electrical 
power requirements . ' Use the fallowing rategories; A) DC operation only, 

AC operation only^ or C) combination device, operating on either AC 
or DC, List the device in the proper column of the chart provide6. ' . . 



DEVICES ; ; . 

flashlight 
iron 

universale mot or 
automobile 
incandescent lamp 
cordless electric razor 
electric toy motor 
tran^ormer . 
radio 

electric range 
washing machine motor 
microwave oven / 



DEVICES 

television " . . 

door bell 

hearing aid 

food processor 

home movie projector 

electric typewriter- ^ 

electronic flash unit (for cas»ras) \ 

coffee maker 

telephone - * 

potable stereo radio/ tape 
blow dryer 

CB radio - mobile unit 



A. 

B- 

C. 

D. 
E. 
F. 
G. 
H. 
I. 
J- 



CLASSIFICATION CHART : 
DC Operation Only 



AC Operation dnly 



Combination 



7^ 



T 
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Date: 
Period : 



< 

Define alternating current: 




• 


/ 


V ■ " 








# ' . . . • 








- - ■: / 







Define direct current: 




Dravr in the appropriate signal or electrical wave on/ the; oscilloscope 
screens pictured below* 




DC WAVE 



AC SIlVE mVE 




er|c 



3V8 



• . y ■ 



Na&e: 
Date-: 



5. Describe the f pur advantages that AC power' has over OC pwer^ 



A. 


. . ^ ■ ' ■ 

, • ■ ■ ' ■ ' . ' i 








\ ■ 


0 






B. 

« 


>^ — ■ 


'J 

• 






t 

* *■ 


















. c. 


♦ 






f 




• ■ . - 


















* ^ 




% 










m 






.to 







o 
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Draw tlie output voltage signal which will be produced by the following 
devices'. 



A. 



INPUT 



^' INPUT 



INPUT 



) 



Step* up 




Step-doyn 




Transformer 



Rectifier 
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OUTPUT 




OUTPUT 




OUTPUT 




* . Date;.' 

• ' Period: 

' DC ANDV AC^ CURRENT 'jQiARACTERISTICS 



4k: 



DC; CHARACTERISTICS 




A 't)irQct current flows in only 
one UirectioQ through a* 
circuit. 

% The polarity of DC current 
does hot chaise. , 

% A direct current usually has 
a steady or constant value, 

9 Direct current is used 
exclusively as a source of 
. energy. 



AC aiAUACTERISTI.CS 




Alte|pating current f lovfs in two . 
directions through a circuity first 
in one direction , then it reverses, 
^d flows in the opposite direction* 

Hie polarity of an AC current 
periodicallx changes 

An alternating curren't is continuall 
changing in value; it will increase 
from zero to a maximum point in 
either direction , and then drop back 
to zero. 

Altem^iting current can be used as 
a source of energy, br as an 
electrical signal - a sound wave, 
radio wave, or light 'wave. 





LII-UlS-14 



- l A " " 



ADVANTAGES OF AC VS DC CURRENT 



Namd: 
Date: 



CD 




AC generators are less cojaplex tfi?in 
DC generators ; they can be constructed 
in larger sizes, and are more economical 
to operate. Thus, AC is easier and 
clieap^r to produce. 




An AC voltage can be easily stepp^d-up 
(increased)^ or stepped down (decreased), 
with very little -loss of power, by using 
a t.raiis former. ' 




Alternating current is easily ton- 
verted into direct current, by a 
diode ^r. rectifier. This converted 
alternating current, now direct 
current, can be used to operate- 
various DC circuits. 



Stop - Up 
Tmnsform^r 





(4) Because of, th^ ease by wh^ch 
Nj ; alternating current is transformed to 

high voltages, it becomes more efficient 
to transmit on power lines. AC signals 
can also travel a longer distance through 
the air than direct current. 





ERIC 



LIX-UlS-15 



5ii 




T F ' 
ABG D 



ANSWER SilBHT 



Date: 
Period: 



TF 



ax AM LIllu iS 



AB C D 



20. 

27. 
'23. 
29. 
50. 
31\ 
32U 
33. 

34. 
35. 
30. 
37. 
38. 

40. 

^^\ 

42. 
43. 
■44. 
45. 
40. 
47. 
48. 
49, 
50. 



T F 

A B C D 



CO. 

I 

62. 
63> 

64. 
65. 
66. 
67. 

68. 

69.' 
70. 
. 71. 

\73, 
74. 
75. 









9 










■ II II 








* 










r 


























• 
























> 


























































t 



























































TF 
AS 



CD 



79, 
80. 
8i. 
82i 
. 83, 

84. 

85.. 

86. 

87. 

88. 

89. 

90. 

91, 

92, 

93; 

94 . 

9S. 
96. 
97. 
98.- 
99. 

100. ; 

























s 






< « 


. I ; 












































































1 










1 




* 

















































































*Show work for probleras on back of answer sheet. 
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..ANSWER KEY 
mn IS 



GLOSSARY CRY^TICS 

cycle* 

2. AC/DC ' 

3. radio wave 

4. sign wave 
5* *mB|>Utude' 

6* ce^ti^fiCAtion 

7. trans fotaer 

v«. . alternator 

.9, transaission 

10. signal 



6. 



A« ' aasily trans foTMd up or 
down , . ■ \ 

B\ pM9y trsnsaission 
C* -easy to rectify to DC 
P* efficient ^generation 



A. 



qUEST ACTUVITY 



2. 



3. 



4. 



DC 

TTashlight 
auto 
rarer 
t&y Bptor 
hearing aid 
flash unit 
telephone 

portable radio/tape 
CB radio - mobile 

AC 

iron 

incandescent lanp 
trans foraer 
range 

washing sachine ^ 
.oven 
door bell 
food processor 
■ovie projector 
typewriter ^ 
coffee Baker 
blow dryer 

COMBINATION 
ra<uo 

universal sotor 
television 

Is . 

Current that changes froB 0 to 
soBe Baxisyn value and then to 
0 again, then reverses direc-~~ 
tion^d changes fros 0 to 
BSxiBUB in that direction and 
then back to 0. 

That current that flows in one 
direction only and does not 
reverse itself. 



DC 



C. 
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• ELECTRIGITY / ELECTRONICS 

» . 



CURRICULUM GUIDE 
INSTRUCTIONAL MODULE 

' • - ■ j£ 




STATE OF CALIFORNIA 
DEPARTMENT OF EDUCATION 

0 NAME, " BY 

, DATE STARTFn R. E. LILLO 

DATE C0MPLETED___1 N. S. SOFFIOTTO 

ERIC . 3i4 



STATE ELHCTUi CI TY'/EILCTRONI CS CURRICULUM HiUltlE 
INSTRUCTOR'S^ GUIDE TO ACCOMPANY LEVEL 1 1' UNIT «16 



• 



Title of Unit ; Motors and Gdneratctrs * ' ' 
'* Time Allocation ; 2 weeks / - . 

Unit Goal ; . . / . - • ' 

To^fprllarize students with the general 'application, operation, and 
diversity of both motors and generators, and to explore some of the 
available power energy sources and distribution Systems of the 20th 
Centtiry. : 

Unit Objectives ; , 



The student will be able to: 

!• state the purpose ^nd- fundamental pi^^ndiples of operatiop in 
respect to. the electrical motor and gei^rator, 

2. explain , several typical .comnwrtial applications of .DC or AC 
"motors,, and list four specific causes of motor failure, » 

.- \ ■ 

3» identify , . compare, and contrast the variety of modem energy - 
, sources which may be utilized in the generation of electrical 
power,. and describe the common kind of distribution system which, 
is eraplciyed to deliver this power to the consumer.. 
Evaluation ; , . * \ ^ ^ . , 

The, student will demonstrate his/her competence in terms of these* 
measurable objectives based upon individual instructors acceptable V • 
performance criteria, which may utilize a combination of written, oral, and 
laboratory testing procudures . - ' 

Instru ctor References ; - ' f- jf 

■■■■■■ ■ ■■■ ■ " ' « ■■ — — p—^ ^'>, ■ . ■ # ■ . 

Electricity and Electronics . Howard II, Gerrish' and William E. Duggef,' 
— Goocmeart-iviicox Company, Inc. , '19 77, Chapters: 5 and 9, 

Electronic Communication , Robert L. ShradeSr*, McGraw-Hill Book{^k)mpanS^t 
ly/ij. Chapter: 23, ^ ^ 

Ind^trial Electricity . Rex Miller, Chas, A, Bennett Co#, 19 78, Chapters;'^' 
. 1, 2,' 3, 14; and 15, » - 

Overview" ; ^ 

This unit, because of its tecl)nical dontent and depth of subject 
matter, can be presented, modified, or omitted as desired by the instructor' 
to facilitate individual program needs. Unit 16 should be introduced with ( 
a. simple review of units 5, 14, and 15 of Level 11 to allow a smoother [ 
transition into the topics of motors and generators. f. 

Remember at this level the instructor is only presenting a rather | 
shallow overview of the methods in which energy can be. converted to attain! 
'either mechanical or .electrical power. ' > '\ 

Servicing techniques, tro\ibleshoo ting, raainten^ce, and specific ' 
causes of motor failure are- topics which can create student interest and 
have tremendous practical vapplication. 

This unit should conclude with a stimulating discussion and demonstra- 
tion on the typ^s of energy sources and distribution systems that are 
currently Ije in g used and those that '"fere ^be in g developed to meet society's 

future powex consumption needs, ' , . v 
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Suggested Presentation Hints/Methodology ; 

follow «5ie ins tructiohal' module unit outline as a basic skeleton 
for curriculum presentation, however, note the following: 

■ ■' . ' ■ ' ' 

1, Allow the clas? to examine and investigate the physical construe 
tion of a simple motor and generator .device prior to> a discussio' 
of ^ the* basic principles of operation. If possible use a large* 
"cutaway" model ctf each to enhance student comprehension of the 

• fundamental parts and their general location. 

2. When appropriate, try to cbmpare the applications of DC or AC 
motors. and DC or AC generators. This will assist the students 
in organizing their own thoughts in terms of the device .and its 
function. \ ^ . * 

3. ,The topic of power plants and their operations is not only 
-technically informative, but can even be considered controversal . 

• leading to some interesting classroom activities if the student* 
are directed. Specifically, nuclear power plants and reactors 

' in reference to safety and future needs can certainly form the 

foundation of a fascinating clajss discussion. 

4, Do ndt overlook your local power company as a real fine resource 
. for support materials for instructing students on the topics of 

Jootors, generators, power plants, distribution systems alterna- 
tive power sources, and career information. It is not uncommon 
for these companies to supply interested educators wTFh films, 
film-strips, tapes, posters, worksheet masters, guest speakers, 
and d variety of other media related assistance. 
Suppiemental Activities and Demonstrations ; V , 

1, Have a. small group from- the Class develpp a visual aid depicting 
how electricity is. created. Begin the* diagram wit?h the arrival 
of the fuel at the power plant and continue through the pro- 
duction of electricity and its distribution to the consumer, 

2, The following informational sources will provide data on solar 
energy. Have several students write and share their materials. 

National Solar Heating and Cooling - . 

Information Center, P.O. Box 1607 
' Rockville, MD 20850 

U, S. Department of Energy - . 

Technical Information Center, P.O. Uox 62 ' 
. Oak Ridge, TI^ 37830 , ' 

Instructional Module Contents : ' • 

1, Unit Outline (overhead) - - ^" 

2, Pre-Post Test (keyed) . / 
3» Technical Glossary 

9 

4, Worksheet (vocabulary) - IVord Decoding 
.5. Worksheet - DC Motors and Electric Generators 

6. Quest Activity 

7. ■ inf-6rmational' Handout (Operation of a Simple DC Motor). . . , 

8. Informational Handout (The Basics of DC and AC Generators) 

, . g Unit Module Answer Keys 

■ , LII.Ul6.23tg 



Motors and Generatbrs 

» r 

A. Method By Which Electrical Energy 
Gan Be Converted* Into Mechanical' 
Energy 

B. Internal -Construction of a Simple 
, . DC Motor, ■ 

C . Fundamental Motor Principles 

D . Servicing and Repair of . Motors ^ 
1., (jJauses of motor failures 

a. Dirt ^ * ^ ' 

b. Moisture 

c. Friction > 

d. Vibration 

Z. General maintena^nce procedure 

£• Method By Which Mechanical Energy 
Can Be Converted Into Electrical 
Energy 

1. DC generators 

2. AC generators 

- '•. ' L11-UI6A33.7 




Jfenner in Which Electri city is 
Generated and Distrihuted 
1. Power plant facilities 
.a, Geothermal 

- b. Fossil fuel 
1. Gas 

■ * ■ ' . 

^ 2. Oil 

• • — ' ■ ■ 

5. Coal ' * - 



c. . Hydro 

d. Nuclear 



e. Other (solar and wind) 

2. Distribution systems 

a. Transmission line 

b. Substation 
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} • Test Number ^ 

i-II-Ulb V ' . UNIT £XA^f ' . 

IIlPORTAin- ' * • • • 

Indicate your responses on the answer sheet only . , Fill in 
the box corres^nding to the correct answer to each question 
there is only ohc correct answer for each question. 



X. generator is used to convert electrical energv into mechanical or 

rptationBl energ>'. (T-FJ 



2. DCJ motoj-s and DC generators are very similar in construction. (T-F) 



3.. The rotating electromagnet within a DC motor is called the "field 
magnet. (T-FJ 



4 

4. All electric motors operate by the principle of magnetic or electro- 
magnetic attraction and repulsion, (T-F) 



5, The armature windings of a DC motor are connected to the power source 
via a commutator and a set of brushes, (T-F) . 



^0, At present, all the world's electric energy is produced by generators 

7. Alternating current generatolrs are also called amplifiers^ (T-F) 

• / 

B*. ' Llectric generators operate by the principle of electromaiinetic in- 
duction. (T-F) ^ - J > 

9. A generator will produce electricity using either a stationary 

magnetic field and a revolving coil, or by using a rotating magnetic 
field and a stationary coil. (T-F) 



10, DC generators produce an electric current which flows first in one 
direction, stops and then flows in the opposite' direction, (T-F) 



Generally, an,electric motor, cannot be damaged by over oiling, (T-F) 



(T'F)^*'" dirt arc a major cause of motor failure and overheating. 

■ . ■ ■ * ' ■ • . • . ■ S . • 

Power plants arc commonly operated using either fossil fi5cls. or 
hydro power. (T-F) ' 



\?"^s^^^ion provides a- location where the electricity generated and 
shipped from the power plant can be switched, routed, and transformed 
as required. (T-FO ' V* • 



The "size" of an electric .mo'tor is giveji in terms of watts or- horse- 
power. (T-I) 



The small blocks of carbon which contact ei4:her the commutator or 
Slip rings of a generator are called: 

(A) brooms, (U) wipers, (C) rotors, (D) brushes. ' 

The frequency of the AC pother generated in most parts of the United' 
o tates is : 

(A) 50 hertz, (fa) 55 hertz, (d) 60 hertz, (D) 120 hertz. 



The rotor of an AC generator has a similar function to the 

of a DC generator. . 

(A) field magnet, (B) armature, (C) commutator, (0) brdshes. 

... ^ ■ • 

■ > ■ . ■ ■ ■ ■ . r ■ " 

A DC motor will not contain a(n) : 

(A) brush set, UJ set of slip rings, (C) armature, (D) field 
magnet. 



I£ the ends of an armature coil are • connected to a set of slip rings, 
and the armature is rotated within a magnetic field: 

current will be generated, (B) the voi'tage produced 
will^change in both value and direction, (C) direct current will be 
gepe rated, (D) -both A and B. 
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21, The armature o£ an electric motor rotates because it is both attracted 
and repelled from the poles of the fiel^ti magnet. The device that con- 
trols the timing of the attracting and repelling force is called the: 
(A) timing switch, (B) -commutator, (C) armature, CD) slip ring, ■ 



22. 



Large AC generators, such as those used in power plants, can be turned 

byt , • ■■; V . - 

CA)- steam turbines, ,(B) diesel engines, (C) hydro turbines, (D) all 
of the above. , • * . 



Jor questions 23 - 26 identify -the parts of the UC motor pictured below. v 




For questions 27 - 3U identify the parts of the AG generator pictured below, 



CRANK 



INPUT 




AC OUTPUT 



LII-U16-7 32J 



AC GEMERATOR: 



ARMATURi:: 



URUSilHS: 



COM'lUTATOR: 



UC GEWERATOR: 




DISTRIBUTION 
YSTEM; 



FItiLU MAGNLT: 



FOSSIL FUiiL: 



GEOTiiHKMAL: 



HORiiSliPOWliR; 

HYDRO: 
MOTOR: 



Nam: 
Date : 



TEOINICAL GLOSSARY 



Period: 



0 



An electro-mechanical device which utilizes a revolving 
. rotor, a stationary stator, and a slip ring bru^ set to 
nroduce AC electricity. generator^ ^are also'called 
Alternators . Synp^^%: 




The revolving part af a generator or oo'tor, . In a genera- 
tor the voltage is jjroduced within the coils of^hc arma- 
ture. In a motor, the armature Coils are attra5<ted to ' 
and repelled from the field poHs, 'causipg action. 

- * 

A sot of small conducting-fods , usually carbon or copper 
which are used to make a sliding contact with the -commu- 
tator or slip rings. • ' 

■ -f ' ' ■ . " * ',,•. • ,- • 

A ring of Copper segments, insulated from each other, and 
used as part of the sliding contact between the brushes 
and the armature of a motor pr generator. 

» 

An el'ectro-mechanical device which utiliz^ss a revolving 
armature, a stationary field magnet -or electromagnet, and 
a commutator - brush set to produce DC^>eieCtri city. 
Symbo: ^ 



The power system which routes the electrical energy . 
generated at the power plant-to the consumer. The system 
includes; long distance transmission lines, step-down 
transformers, feeder lines, substation, distribution lines 
and distribution transfornjers*- 



feither a permanent magnet or electromagnet used to provide 
the magnetic field required in a motor or generator. 

Fuels such as coal, petroleum, natural gas, and refined 
petroleum products (gasoline, diesel oil, and fuel oil) 
which are burned in order to produce heat energy, 

A natural so'urce of energy produced when water seeps into 
the ground, is heated by the .earth's, hot ma^ma core, and 
then rises to tnf surface as steam. Geysers, steam vents^ 
and fumaroles are examples of geotherinal activity, 

A mcthpd of rating the power or "strength" of a motor. ' 
One horsepower is equivalent to lifting S50 pounds, one 
foot, in one second. 

Refers to the energy^ provided by running or falling wateY. 

A machine that converts electric energy into mechanical 
or rotational energy. Motors utilize the magnetic forces 
of attraction and repulsion to cause an armature to 
rotate, v 
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If- 



Hame: 

Date: 
Period: 



NUCUBAR: 



POWliR.PLjjU^T: 



ROTOR: 



SLIP UINCS: 



STATOU: 



SUSSTATION: 



TkAf^SMISSIdM 



TURiiIWi: : 
.ft. 



A modern source of energy which uses the atomic principles 
of fission (the breaking of the atom} to produce tremen- 
dous amounts of heat. This heat is generally used to 
convert water into stean. 

A large gcneratiiifi facility used to produce the electric 
energy required by several cities or a se.ction of the 
state. Povtfer plants may use fossil fuels', hydro, nuclear, 
geotliermal, or otiier energy sources to supply power to* 
the turbines to turn generators which produce electricity. 

The rotating part of an--AC geni?rator or alternator. The 
rotor supplies a rotating oagnetic field within the 
alternator. / - — 

Two copper rings which, along with the brushes, provide 
a sliding contact with the rotor of an alternator, or 
generator. ' ' 

The stationary coils of an AC generator, in which voltage 
is produced. 

Part of an AC power distribution system whe*re the high 
voltage energy from the transaission lines is changed to 
a usable voltage - current value. The substation includes 
transformers, switches, circuits blreakers, and other 
equipment* . 

The high tension power lines which are usually strung 
between steel towers, and carry the high voltage - low 
current AC energy from the power plant to the substation. 

• ■ ' . • ■ 

A finned device, similar to the blades of a fan, which is 
connected to the rotor of the power piatit generator, 
when steam or water is forced into the turbine blades, 
it causes the turbine to spin, thus turning the rotor of 
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WORKSHEET 
VOCABULARY WORD DECODING 



Nasie : 
Date: 
Period; 



V 



The words below hitve little meaning until they ure decoded. Each lett 
actually represents another ienet in the Alphabet. Your task is to 
break the code and decode each word. The example itfill get you started 
by providing four decoded letters. The code resains the same thrduGhoU 
tlie worksheet, . ^ 

hXAMPLli: . 
A. D Y G y V U " 

S T A T 0 R . 
1. C V Y V 11 . ^ • . ' - 



A. i STATOR 



2, G U e G Y K h R 



2.1 



3. Y K h M 0 N R 



3.C 



4.- A V C C K Y C Y V H 



1 



5. W R N R ii G Y V li 



5. 



b. W R V Y B R 11 C G I 



7 . I) K M D Y G Y .0 V N 



6.[ 



7.r 



8. XORIL CCWNRY 



9 . M ii/ k D B R • U 




0. Y ii G N b Q^-t ^^^^ I 6 N R 



8. 



10. r 



7 
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• Date: 
WORKSilHET Period: 
,DG , "MOTORS AND ELECTRIC GENERATORS 




■r ■ 



i. 

2. 
3. 
4. 



S. 



6. 



A device which has the ability to dian&e electrical 1. f 
energy into nechanical or rotational enercy is ^ 
called a *»/ 



A motor contains at least 
magnetic fields. 



interacting 2^ [ 



Tlie armature in a motor rotates as a result of 
' attraction? and repulsion. 

List the *four basic parts of a DC motor. 



4A, [ 



4a. r 



4C. [ 
4D. [ 

sA.r 



SB. [ 



3 



3 



^? _ . ^ and ^ form a rotating 

switcii which controls tiie direction of current 
flow through the armature of a DC so tor • 

&5lU»in what occurs when the current flow through the armature reverses 
indirection. 



1 



. Briefly describe the "motor action" occuring in the drawings below - 
pay particular attention to the location and effect of the cpniinutator. • 




-I 



c. 



^^^^ 




Dates 
Petiod: 




8. List four cosBon causes of aotor failure. 



8A, r 



8B. ^ 

8c. r" 

8D. j~ 



J 



J 



Explain why friction is so damaging to an electric notor and succest 
a w&y friction can be reduced to -an acceptable level,' \ 



10, 



What is the nain physical difference between a siaple AC and DC 
generator? 
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a. 



12. 



13. 



14. 



15. 



1^ 



H 

^ Date : 
Period: 



List the three basic requirements necessary to 
£enerate a voltage. 



identify the generator output waves pictured 
below. 



11 A, [ 




B. 



11B.[ 

lie. [ 

12A. [ 
12B. [ 



The in the DC generator acts as a 

rotating switch, allowing the d^utjaut current to 
flow in only one direction. 

Tbe A> in an alternator will provide 
a strong electromagnetic field, which when 
rotated or turned, will generate a voltage in 
the stationary B) windings. 



13. i 



14A. [ 
14B. [ 



9 

Name th Fee factors which will affect the output of a generator, 
each case indicate how the output will be a^fecte4. 



In 



] 




s 
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WORKSnSET 
QUEST ACTIVITY^ 
."UNIT i6V 



■'Date";;' 







0' •' 


. ■ -» 

■ \ . * 











• 




■ •■•^^ 













-Micr^&v^iiL^S^?^^^^^ °" attached page, cut out and 

^, piSft '^fil. P S^*^^ c^*^^®*"®^^ in jiroper seque^ice to fbrm a complete AC * 

^n^Tf if ^•JP^r?^^^^^*' voltage. :Ij6gin with the production point kiid * 
, 7Conchide vii^ii pxe iWi^ember., belpw each "puppet" write a 

•'^i^sV descripition of what is^ haoDenino at thnf c-nAr5 fi 



1. 



5*; 



-i - ^ 

























' 1. ' ,'t 



























''"■4 ^ r 








6 1 
















* ' > " 


■ * 


















■'■^if'i " ^ _ 








\ AC pO#€;r systems n.ede« to:0!_detaiil 



0 





V 






. — ~ 






r' 
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DISTRIBUTION 
• ,LINES AND 
TRANSFORMER 




STEP UP 
TRANSFORMER 
1:10 




STEP DOWN 
TRANSFORME'R 
33:1 













NOTE : < Cut carefully .around erfch puppet-, use glue or t^pe to secure 
puppe]j|^to paper and be as neat as possible. 
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Naae: 
Date: 
Peripd: 



INFORMATIONAL HANDOUT 



OPERATION OF A SIMPLE DC MOTOR , 



Motor is^abl© to convert electrical energy into »echanical, or 
rotational energy. The first crude electric aotor was developed in 1831 
by an Ametican, Joseph Henry,- TodSiy electric motors are used in hundreds 
of holM appliances and thousands of pieces of industrial equip»ent. 

Basically, electri-c motors operate on the principle of magnetic repulsion 
and. attraction - that is, like poles repel, and unlike poles attract. In 
its simplest form, a DC aotor will contain two interacting magnetic fields, 
one stationary,^ and one which is able to rotate i)r revolve. These two* 
interacting fields cause the. motor to produce ."torque", or rotational 
energy, ^ 

The .b as jLc parts t)f a DC motor are the : 

Field magnet; a stationary magnetic field provided by either 
a permanent magnet, or an electromagnet 




A Armature; an electromagnet wound on a shaft or axle, 
ature will reVolve within the field magnet. 



The arm- 



i]ini*iuii 



Commutator and Brushes; the commutator is made up of at least - ^' 
two segments of copper, which are insulated from each other, 
and are located on the armature shaft. Connected to each 
CQmmutator segment is one end of the wire which makes up the 
armature coil. Jhe brushes which are made of either carbon 
or copper, ride against the commutator, forming a rotating 

^ connection. 



WIRE 



BRUSH 
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^MMUTATOR 
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Naafi : 

Date: 
Period: 



A SIMPLE DC MOTOR 



ARMATURE 



COMMUTATOR 



TIELD MAGNET 




HOW THE DC MOTOR WORKS 

S^«lfi^^"{?r^* operation of a DC aotor is the arBaturo/coiwautator action 
Recall, the arnature -is basically a coil of wire, which forms an eifct^' 
thSu^h^'^hS ^"n«"?,flS«f througl; it. The dirJciiSn of cSnt flow 
through the coil will determine the north and south uoles of tL 
nagnet^ -The commutator and brushes, in tuiS^2iil roStrthr cu^rant^ 
^'b^'atJrLtir^f , h ^\ope;"S;ection'?o'caS^^^ thrS^m'ature 

time! * or repelled from the proper, field pole at the propir 



STEP 1 




When a battery is connected to the t 
brushes and commutator as shown, the 
armature coil produces a magnetic field 
haying a south pole at ther top of the ^ 
coil, and a north pole at the bottom. 
In this case, the armature poles will 
be attracted toward the field magnet 
poles in a clockwise directipn. 



As the armatiire approaches the^ horizontal 
position Its magnetic polarity must be 
changed in order to prevent the armature 
^ from being trapped by the strong field 
magnet •i^orth pole and stopping". If 
you look cliisely at the commutator, you 
w^ll notice that the brushes are approach 
ifig the gap between the commutator seg- 
ments. Once the brushes contact* the gap, 
the armature field is nomentarily turned 
off, allowing it to rotate past the fielc 
poles, 

Lii^ui6.i7 333,; * 



\ 



Ntae; 

Period: 



^5 




STEP 4- 




IKhen the brushes touch the next connu' 
tat or segment, (the positive brush is 
now contacting the segaent fotiberly . 
touched by the negative brush) • The 
polarity of the armature is reversed. 
The poles of the armature are now 
repelled by the field magnet, . 



As the armature continues to rotate the 
armature's electromagnet and the field 
magnet begin to attract each other » and 
rotation con tin ties. . 



See if* you can complete the descriptions for steps S and 6 of the motors 
operation. 



STEP 5 
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fir '' 



1 



STEP 6 




Dates 
Period: 




ri«?\^^' ^5®/r?*^"^® will return to its starting position as shown in ' 
step 1, coispietxnfi one revolution. *^ as snown in 

ANSWERS ; 

Step $• 



Step 6. 



o 
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Name : 
. Date: 
Period: 

INFORMATIONAL HANDOUT 
Tim iJASICS OF DC AND AC GENERATORS 



Generators convert wechanical energy into electrical energy by a process 
known as electromagnetic induction; that is "by either laoving a coil of wire 
through a magnetic field, or by holding the coil stationary, and moving 
the magnetic field, DC generators produce pulses of electricity which 
always have the same polarity - either positive or negative; while AC 
generators produce pulses of electricity whicli periodically change 
"polarity", having both ji positive and negatiAre portion. . 



NOTE: hteter 
center is 
zero. 



ACGENERATCW v ~ DC GENERATOR 

TJie* difference between the two generators lies in the direction that the 
generated current is allowed to flow through the coil. In an AC generator 
(alternator), the ends of the coil loop are connected to a set of slip 
rings whicli permits current to flow first in one direction, (as the loop 
moves past the north field pole) and then to reverse, and flow in the * 
Opposite direction, Cas the loop moves past the south field pole). Thus, 
the potential *of the voltage present on the brushes changes fijrst from 
+ to - then from - to +, 







ERIC 



The DC generator uses a commutator, instead of slip rings , as the end 
connection of the ^rmature loop. The commutator cause? the current to 
flow in on ly one direction from the coil. The half of the loop passing 
the north field pole will aljvays produce one potential (negative) , while 
the *half of the loop wl^ich passes the south field pole will always produce 
the opposite potential (positive). Thus, the potential of the voltage 
present on the brushes is always, the same - one positiye, and one negative. 
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AC AND DC GENERATION : 
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AC GENERATOR 





Naae : 
. Date : 
Period: 



10 

0 
5- 
10- 



10 
S 
0 



10- 

10- 
5- 

" s 

10 



5 
0 
5 
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90" ISC'* ,2 70' 360 



90" 180' 270' 360' 




90* ISO* 270* 3^0 




90" 180" 270" '360 













9 

m 


O"* 180^ 360** 



SGOJiii: 
GRADH; 

T": — 



T F 

ABC D 



1. 

2. 
3* 
4. 
5. 

t), 
7. 

a* 

XI. 

12. 
13. 
14. 
15. 
10, 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24.' 
25. 



12 




comiButator 
I 1 I 



brush 



anaature 
• I I I 



1: 



ABCD 



Date : 
Period: 



20. 
27. 
28. 
2y. 
30. 
31, 
32, 
33. 

34, 
35. 
30. 

37. 
38. 
59. 
40. 
41. 
42. 
43, 
44. 
45. 
'40. 
47, 
48. 
4U, 
50. 



i. ! 1/ I 
field pole 



rotor 


{ 1 i 
brush 


.1. 1 J 

slip ring 


St 


at< 


i 

)r 


1 


















































-! 


1- 














« 































































































TF 

A BCD 



53, 



08, 



73. 













































































"1 














. _ . 
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• 





































*Show work, for problems on. back of answer sheet. 



T F 

A B CD 



70. 
77. 

78. 
79. 
80. 
81. 
82. 
85. 

84. 

85. 
86. 
87. 
88.^ 
89. 
9U. 

91. 

92. 

93. 
^94. 

95. 

96. 

97. 

98. 

99.. 
100. 
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ilNSKER KEY 
UNIT 16 



WORD DEQPBING 

!• »>tOT 

3* turbine 

4« coBButator 

5. generator 

6. geothersaX 

7. substation 

8. field aagnet 
< 9. brushes 

10 • transmission 



line 



DC MOTORS a ELECTRICAL 
GENERATORS 

jV^^otor 

■A. iwo 

3. ^Magnetic 
4A, armature - 
4b. field magnet 
4C. coBButator 
4D, brushes 
5A, brushes 
SB* cOBButator 

6. The polarity of the araature 
is reversed and now the poles 
of the amature are repelled 
by the field magnets and the 
armature continues to rotate. 

7, In figure A, current flow in the 
araatute polarizes the araature 
as shown and the upper pole is 
repelled froB the S. pole of the 
field Magnet and is attracted 
toward the N, pole of the field 
magnet. The bottom of the 
armature is affected in the 
same Banner. 

In figure the clockwise 
rotation of the armature ^is 
bringing the spl'its between the 
two commutator segments under 
the brushes. The centrifugal 
force of rotation will carry the 
upper segment into contact with 
the right hand brush and the ' 
lower segment to the left hand 
brush thereby reversing the 
direction of current flow in 
the armature and magnetizing it 
in the direction shown in figure 
C. Now we have the saiat condi- 
tions we had at fi^gure A and are 
ready to continue. 



8A. 
8B. 
SC. 

^9. 



10. 



IIA. 
llfi. 

lie. 

X2i A # 
12B. 
13. 
14A. 
14B. 
IS . 

15 . 

15 . 



15 
IS 



a corn- 
gene ra- 



wom brushes 
frozen or worn bearings 
shorted or open field^or 
araature windings 
worn coBButator 
friction causes heat and 
heat will aelt solder con- 
nections at the coBBUtator 
or Bight short through the 
isolation between windings 
or Belt a^winding to cause 
an open circuit. Frequents 
cleaning and oiling. 
A DC generator uses 
Butator while an AC 
tor has slip rings, 
magnetic field 
conductor 

Boves^nt of the conductor "in 
the field 

; AC , .\ 0 I ■ 

pulsing DC . 
COBButator 
rator . 
stator 

speed increases voltage and 
frequency > a\ 

addod aagnetic poles highe^ 
voltage for le^s speed 
Bore ari^ature windings - 
higher voltage for l«$s 
speed 

stronger field - higher 
voltage 

slii 
whi 

will produce DC 



.ipf rings will produce AC 
die commutator segments 



C. QUEST ACTIVITY 



1. 
2. 
3. 
4. 

5, 
6. 



I. 



puppet 
puppet 
puppet 
puppet 
former 
puppet 
puppet 



plant ifcf 
step/up transformer 
transmission lines 
step down trans- j 

distribution lines 
home "user" 



Circles 
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13,200 
132 ,t)OQ 
132,000 
4,000 
120/240 
stop 



2. (subjective evalua^on) 



ELECTRICITY / ELECTRONICS 

CURRICULUM GUIDE 
INSTRUCTIONAL MODULE 




UNIT XVII 

LOW voLtage 

CIRCUIT 
WIRING O^ t 

^ SIGNAI^ 
^ DEVICES ; 



LEVEL II 



STATE OF CALliFORNIA 
DEPARTMENT OF EDUCATION 



NAME. 



DATE STARTED. 



DATE COMPLETED, 



BY 

R. E. LILLO 
N.' S. SOFFIOTTO 



339 



I 



&TATE ELIiCTiUCITY/tLlC'iRaWlCS CURHICUIUM GUlUli 
INSTRUCTOR'S CUIDH TO ACCOMPANY LEVEL 11 UNIT 117 



TitU of Unit ; Low Voltage Circuit Wiring of Signal Devices 
Time Allocation ; 2 weeks 

Unit Coal ; iw . 

To bring about student competence in apprehending an overview of low 
voltage, low current circuits, including knowledge, of the special 
techniques for wiring signal circuits, and a profile of basic security 
alarM systensv , 

Unit Objectives ; 

. The student will ise able to: ♦ r 

1. identify the five basic components *requi red for a typical signal 
circuit; power source^ bell transformer, push-button switch, 
wire, and a signal device* | 1 

2. Remonstrate an ability to wire signal circuit components either in 
series, parallel, or in combination as directed, 

3. distinguish between a signal type circuit and a power type circuit 
and explain the detection, control, and signaling operation of a 
typical security alarm system. 

Evaluation ; * 

The student will demonstrate his/her competence in terms of these 
measurable objectives based upon individual instructors accept'able 
performance criteria, wliich may utilize a combination of written, oral, and 
laboratory testing procilRires. ^ 

Instructor References ; 

Industria l Arts Electricity , Clifford Lush and Glenn Engle, Chas. A. 

Bennet Co., ly/i. Chapter; 2. -j 

Industrial Electricity , Rex Miller, Chas. A. Bennett Co.. 1978. Chapters; 
- 11 and 16, 

Introduction to Electricity , Kurt Harding Schick, McGraw-lliU Book Company 
Ryerson Lynited, 1975. Chapters: 14 and 20. 

Overview ; ■ 

Hie primary purpose of this unit is to allow students the opportunity 

to scrutinize the reasons why signal circuits are treated differently from 
power circuits. , 

^? attain this ^purpose, first -introduce students to the essential 
ingredients that comprise a signal circuit. Second, modify signal device 
circuitry so, that controls or bells are placed in series or parallisl. This 
will broaden student technical understanding of typical variations in basic 
low voltage, low current circuits. 

The final topic of this unit was included to generate enthusiasm and 
to be informative. Security alarm systems have emerged as a giant allied 
field to electronics and the practical application is an important compe- 
tency to impart. Note ; Carefully examine the activities in this unit, they 
are extremely exciting , to students if presented in a positive manner. 
The exam in this unit is of a practical nature and will require more 
grading tiiae. 
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Siii^fiested Presentation Ilints/Mathodoloyy ; 

Follow the instructional nodule unit outline as a basic skeleton 
for curricultuB presentation^ however^ note the following: « 

!• Try to familiarize students with the applications of low voltage 
and low current systems in the hone. Indicate that the tele-' 
phone I doorbell f intercon^ security alarm, antenna, smoke ? 
detector^ etc. represent this type of system, and that generally, 
the wiring of these systems requires the knowledge of some . 
' ^ special regulations as specified in the^tional Electrical Code. 

» 2/ Mention to the class that annunciators are itsed quit'e often in 
^ 'Signal systems where many callers must waif for service or 

assistance, such as in hospitals* Hit upon^ the two main func- 
tions of such devices^ it signals when activated, and it * 
indicates where the signal was originated. These systems also 
have a means to reset thereby returning the unit to its normal 
static position. 

3. When discussing security alarm systems and the techniques of 
providing burglar protection, have students examine some fluor 

flans to determine vulnerable entry points. Have them "think 
ike a burglar** and cnecx the premises from this viewpoint. 
Once they have analyzed the situation in this manner^ they are 
ready to develop an alarm system that could realistically foil 
the would be intruder."! 

% • 

Supplemental Activities and Demonstrations ; 

1. An activity with bells, switches, etc.. that can promote student 
comprehension and challenge their imagination involves two 
phases. First, handout a simple floor plan of a rural school 
with three rooms. The problem is for them to 4raw in the wiring 
that will allow each room to have its own bell, however, all 
bells are to be controlled by on^ central switch. Second phase 
involves contructions of the student's bell circuit whdch now 
can be wired and tested on a "mock-up" type board. 

2. While working in this unit, indicate to students that the wiring 
of signal circuits. is generally accomplished by elec;trici,ans . 
An occupational description of this specific occupation is 

• veiy helpful and' informative for students. 

Instructional Module Contents ; . 

1. Unit Outline (overhead) ^ 

2. Pre-Post Test (keyed) , 

3. Technical Glossary ' 

4. Worksheet (vocabulary) - Spelling Puzzle 

5. Worksheet ^ Parallel, and Combination Circuit Wiring of Signal 
Devices 

6. Quest Activity . 

7. Informational Handout (Home Security Systems) 

8. Unit Module Answer Keys | 

£^ A LII-U17-2 A^'ll 



|i,JCirn. Low Voltage Circuit Wlrir^^^^^ 

* :■ ■ ■ ■ ; 

A. Signal C irpui t Description 

1. -Bell trandFormer 

^ ■■ > ■ ' ■ ^ ■ ( ■ .'^ :\ 

" ' ' ^ ■ _ ■ f. ' 

2. Conductor 
3* , Pu8h-button Quitch 



V. 



4. Si^al device 



B. Sighul Circuit Applications 
1, Basic series circuitry 

* - • 

Z. Basic parallel circuitry 

3. Combinatibn circuitry 

Security Alarm |DeviceS ' 
• 1. Operation 

Z. Installatioi^ 

3. Varieties 



/ 
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Test Number 



UNIT EXA>i 



IMPORTANTt 

Record your, answers on this ekam paper- onl^. When answering- the 
i»atching problems, rec(Srd the letter correSpopdii^g to your choice. 



MATdiING: 

f 

1. 



.A device used to change 
117V AC to 6V or 12V AC, 



2» A circuit which contains 
more than one path for 
*. current flow, 

• 5. • A material -wliich allpws 
free tiiovenjent or flow of 
electrons, 

4, A noise' making device suciv 
- :as .a bell 'tr siren. 

5. The "sensing" device in an 
alarm system. ' ' 

• • ' 
b, A type. of switch which is 
activated only as long as 
^ pressure is applied. 

7. A circijit which contains: only 
^ one path for current ,f low, ' 

8. The "brain" or central unit 
of an alarm system,, . 

0. A type of alarm sensor 

whicn. prpjects an invisible 
field of electrical waves. • 

10, A circuit which contains 
both series artd ^parallel 
sections. 



A. 
B, 
C. 
D, 

F., 
G, 
H, 
I. 
J, 
K. 



Series • 1, f 
Control unit 
'Conductor 
Parallel 2, [ 

Signal devicfe 
Ultrasonic . 
Compound 

Light beam 5', [ 
Toggle 

Combination - 
Loop 

Bell trans « 



^ former 
M, Detector 
N, Push*button 
0, Processor/ 



[ 



6, [ 



8. [ 

9. [ 



10. [ 



3 



•11, Connect the signal circuit components below into a series* circuit , 



i2« Draw the schematic diagram which corresponds to the circuit 
pictured below. . 



MOV 




BUZZER 



' Answer Box 




V 
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Date ; 
Period:, 



TEjCHNICAL eiOSSARY 



ALARM CONTROL 



ALARM DJETECTOR: 
BELL 

TRANSFORMER: 

COMBINATION 
CIRCUIT: 

' 'conductor: - 



LIGHT BEAM 
ALARM: 



PARALLEL 
CIRCUIT: 

PUSH-BUTTON ' 

svaTai? 



SERIES CIRCUIT: 



SIGNAL DEVICE: 



ULTRASONJC 
ALARM: 



'Th? "brain" or central unit in an alarjn sys'tein. The 
cdntrol monitor^ the various detector? in the system 
and activates the alarw of signal device if the protection 
circui,t is interrupted or violated. The control often 
contains an on/off switch^ statAis indicators,' time delays, 
power siipplies^ and stand by batteries. - 

' ■ . ■ * ■ * - ^ 

The part of an alarm system which senses entry or 
movement iti the protected area* The simplest detector " 
is -a switch; other common detectors are magnetic switches,, 
pressure sensors, light jbeams, <?tc.. \. 

A small transforiKr. with built-in overload and short 
protcfct ion, which will convert 117V to 6 or 12 volts for 
the operation of doorbells, buzzers, or chimes. 

. • ■ ■. : 1 ■ ■ >: •* ' ' 

A circuit consisting of one or tiore series and parallel - 
paths. 

Any material through which electric current flows easily, 
such as a piece of copper .wire. 

A common type of alarm or signaling circuit ^which will 
cause a signal device to sound if the light '•earn is 
.broken. • , • 

A circiiit which provides two or more paths for current ^ 
\flov,. sometimes, referred to as a shunt or branch cixiCuit. 

A spring' loaded switch which is activated only as long as 
'the push button is held in the down position. There are . 
basically, two types of P.B. switches - normally opei> and 
normally closed. Symbols: P.B.N.O. \ P.B.N.C. 




A circuit which has only one path for current flow. 
Series circuit components are connected in a line, one 
after the other. • ^ 

Generally a. noise making device used to alert, notify, or 
gain your attention. Common signal devices are bells, 
buzzers, horns, or sirens. 

« 

A "motion detector" alarm which sets up an invisible 
field of electrical waves. If the wave pattern is 
disturbed or interrupted by movement of any kind, the 
alarm will be triggered. 
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SCORE: 




CRADE* 





WORKSHEET 



Date: 
Period: 



, VOCABULARY - SPELLING PUZZLE 

t ■ ' ' ' , 

Identify the correct spelling for the words listed below. 



A. (example) <exhairiple) (xwaple) 

1. (cuntrol) (controll) (contrpl) 

2. (circuit) (circut) (sircut) 

3. (been) (beast) (bene) 

' » • • • ' ■ . 

4. (allans) (alarn)*^ (elam) 

^ 5, (siginal) tsignel) (signal) 

■ ■ • ■ . . ■ , ' ' i 

6. (switch) (swich) (swetch) 

7. (divice) (device) (devise) 

8. (ditect'ar) (detector) (detector) 
^.9- (conducter) (kinducter) (conductor) 

10. (ceries) (series) (siries) 

11. (parallel) (p'arrallel) (pare lei) 

12. (tranformer) (trans forma r) ( trans f firmer) 

13. (lite) (light) (liht) 

14. (combenation) (corobinasion) (.combination) 
.15. (ultrasonic) (ultresonic) (ultr%sonik) 



A, i nkWll 1 



4. r 



6.r 



7.r 



8..[ 



9.[ 



10, r 



11. t 



12. [ 



13. [ 



14. [ 



15. \_ 



if 



1 



\ 
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SCORH: 
GRADE: 



WORKSHEET 



Name : 

■ 

•Date: 
Period: 



SERIES, PARALLEL, AND COMBINATIOJCCIRCDIT 
WIRING OF SIGNAL DEVICES 



Utilize the puppets provided on page 3 .to construct the circuits described 
below. You will cut out and arrange the puppets to form series , parallel, 
and combination circuits. You must draw in interconnecting lines to 
represent the conductors. Be sure that each problem fulfills the four 
requirements for a complete electric circuit i.e. supply, control, load, 
and conductor. 

1» Using th6 approlrtriate puppets, assemble the circuit described in the 
schematic diagram below: ' ~ 

1_A 




Z. Is the circuit in question "1" a series, parallel, 2, T 
or combination circuit? 



3. Design. a buzzer circuit . whidi utilizes a liOV source, a bell 

transformer, and two push-button switches. Wire the circuit in such 
a way that pushing either switch will cause the buzzer to .soiind. 
•Label the switches as a front door switch and a back door switch. 
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Name: 
Date : 
Period: 



4. 



5. 



Would the switching circuit you built dn 
qucfstion "3" be considered a series, parallel, 
or combination circuit? 



Design a combination circuit having one series, and one parallel 

sy it China branch . Use 3 switches, 2 bells, 1 bell transformer, and a 

llOV soUrce> If any one of- the switches is pressed, a bell must sound , 
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Puppet Components 



5 
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SCORE: 
GRADE: 



t WORKSHEET 
-I QUEST ACTIVITY 

Design a security alarm system foif the house pictured below. You should 
include a control unit, various types of detectors, and one or more sicnal 
device?. Be imaginative,^ »ee if you can design a burglar proof system. 
Sketch in, and label the individual parts' used in your security network, 
use single lines to represent the interconnecting wires needed to "tie" 
the various parts together. (Hint; use an alarm supply co. catalog or 
electronics supply ho^ise catalog to locate information on alarm products) . 



5 
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STOP 



If 



Date: 

Period: 



INFORltATIONAL H^DQUT 
llGlfii SECURITY SYSTE^JS 



All burglar alarm systems have three common functions - detection, control, 
and signaling. The total system may be built into one box, or be made up 
of many separate pieces corfnected toget^her with wire. "Detectors" are used 
to sense entry or movement within a protected area ^ and are basdcally 
-switches or relays which operate by movement, pressure, *or beam inter- 
ruption. The "control unit" monitors the various detectors in the system, 
and triggers an alarm or signal device if the protection. circuit sensor 
is interrupted or violated. The control unit also may Contain on/off - \ 
power switches, teSt meters or status indicators, time delays, power \" 
supplies, stand by batteries, and termi nals or lugs for wiring the system 
together. Finally, the sign a^.^ArCfneT"T!Sually a noise making bell or siren, 
IS used to alert or notify>mi, your neighb^, or the police, trhat a ' 
break-m ha^ occurred. * 



SYSTEM COMPO.WEiNTS : 



CARPET MAT 
"DETECTOR" 





BELL 

AND 

BOX 



ULTRASONIC i 
MOTION DETECTOR 



▼ 




• • ► 




LIQIT BEAM 
DETECTOR 




!!SIGNAL DEVICE" 
SIREN 



"SIGNAL DEVICE'; 




MAGNETIC 
CONTACT 
SWITQI 



"DETECTOR" 




KEY 

STATION 



"ON/OFF 
SWITCH" 




AUTOMATI C 
pyONE ^ 
DIALER 



"SIGNAL DEVI Cr^ 
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ANSWER KEY 
UNIT 17 



A. EXAM 

1. \ 

2. D 

3. C 

4. E ^ ; 

5. M 

6. N \ 

7. A 

9 * T 

10. J 

11. (subjective answer) 

12. (subjective answer) 



B. SPEji^LII^ PUZZLE / 

1. control 

2. circuit \ - 
'3. beam % , ' } 
4. alara^ > ^ 
$• signiil ■ ^ 

6. switch t ' - 

7. device 
B. detector 
9, conductor 

10. series 

11. parallel • 

12. transforBer § 

13. light f 

14. coiabination 

15. \ ultrasonic 



C. SERIES-PARALLEL-COMBINATION CIRCUIT 
kriRII^G OF SIGNAL DEVICES 



1. see diagram 

2. * series 

3. (si^jfctive answer) 

4. parallel . 

5. Csii||jective answer) 



3, QUEST ACTIVITY 

(subjective evaluation) 
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' MATH tUCilUCITY/lfLLiJROiaCS CUkiaClU.U^ tiUiUh /' 
INSTRUCTOR'S GUIDE TO ACCOMPANY LEVEL II UNIT i 18 

Title of Unit ; Circuit PToSection Devices 

, ... . . .. . . . . ^ , , 

Time Allocation ! 1 week 
Unit Goal ; # 

To acquaint students with the gefteral characteristics and electirical 
properties of circuit protective devices, thus aiding student 
comprehension cf the common methods, for insuring that a circuit 
operates only within its d^sijji\ed limits^' V < 

Unit Objectives : ^ . * i 

The student will ise 'able to: J 

% 1. describe 'the major need for protective devices in circuits and/or 
equipment, and 4j|lentify two typical types of protective devices i 
* which may be employed, ' 

' ■ . ." ' \ ■ . . ' ■ 

2, demonstrate the proper technique for wiring protective devices 
into an electrical circuit. 

3. troubleshoot a simple electrical circuit in order to identify 
the problem which may have Caused a protective device to 
disable the circuit or equipment being investigated. 

Evaluation ! 

m ■ 

The student will demonstrate his/her competence in terms of these 
measurable objectives based upon individual instructors acceptable 
performance criteria, which may utilize a combination of vritten, oral, and 
laboratory testing procedures. 

Instructor References : ^ f 

Industrial Electricity . Rex Midler, Chas. A. Beryiett Co., 1978. Chapters: 

IntroductiQi to Electricity . Kurt Harding Schick, McGraw-Hill Ryerson 
Limitil, 1975. Chapter: 12. 

Small Appliance Repairs . Robert W. Newnham, McGraw-Hill Book Co.,- 1967, 
Chapter: ii. 

Overview : 

Unit 18 concerns itself, specifically with the need and means for 
protecting electrical circuits, yet^ it should not be overlooked that 
this topic has tremendous impact on a wide array of related technical 
consumer applications. 

The unit should be introduced by examining a variety of circuit 
failure conditions or problems including overload. A brief description 
should ensue in terms of safety, causes of circuit failure, and methods 
for protecting a circuit. 

Next, present an overview on the operation of several common circuit 
protection devices with ^mphasis on the . techniques for wiring them into an 
el&ctrical circuit. Finally, share with students some procedures that can, 
be used to successfully troubleshoot a disabled ^circuit, include a demon- 
stration of several maintenance steps that may help prevent an abnormal 
condition from surfacing within the protective device itself. « 

1 * 5 • LII-U18-1^^ 



Suggested Presentation llints/^tethodology ; i 

Follow the instructional unit module outline as a basic skeleton 
for curricuiuia presentation, however, note the following: \ 

. , - ' , ■" » . 

X, When discussing types (fast, or slow blow) or kinds (plug, 
cartridge, knife-blade^ etc.) of specific circuit protection 
devices it is advantageous to either pass them around or 
utilize an opaque /overhead projector to help familiarize 
students with their physical appearance. Inform students of 
the relationship between the physical* size of the device and 
its electrical rating. \ 
' 2, The topic of circuit breakers can be approached by first 

explaining the three basic types\: thermal b^reakers, electro- 
magnetic breakers, and therma^jFeiectromagnetic breakers. 
y Define each variety and emphasizeVto students that they are " 

typically used for feeder and braivch- circuit protection in 
home electrical systems, IndicateVthat the ampere rating (size) 
of a breaker, always marked on the Weaker lever, corresponds 
to the current carrying capacity of\the wire being protected. 

3, Remind students that it is extremeiyV ' dangerous" to tamper with 
a protective device. Give examples o^ what can occur if a fuse' 
is intentionally by-passed or if a lai^gerl value* fuse is utilized 
in a system. ' \ 

4, An optional instructional topic on groundAfault circuit inter- 
rupts may be presented in this unit if th^ instructor feels it 
is appropriate. 

Supplemental Activities and Demonstrations ; 

1, Show students that our government does in fact look out for 
their safety and protectioiw Point out the function of the 
National Electrical Code and Underwriters' Laboratories. Demon- 
strate where the @ label can be "located and why it is so 
vital in providing a margin ot safety, 

2, Obtain an older plug type Edison base fuse and show it to the 
class. Explain tha]t this type of fuse is no longer allowed in 
home construction' because it is considered to be tamperable . 
Extrdct from the class whether they think this fuse is too 
dangerous to be utilized in new homes and if they feel it is — • 
specifically why? 

3, Demonstrate the technique of checking for continuity of a fuse. 
Refer to the devices resistance as a means i to evaluate its 
quality. 

Instructional Module Contents ; 

1. Uhit Outline (overhead) ' v 

2. Pre-Post Test (keyed) < 

3. Technical Glossary 

• 4. Worksheet (vocabulary) - Know Your Definitions 

5, Quest Activity 

6, Informational Handout (Circuit Protection Devices) , 

7, Unit Module Answer Keys 
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Circuit Protection Devices 

^A. Why Circuits and Equipment Require 
Protective Devices ^ / 

1. Runaway current 

2. Circuit failure 

Types and Operation of Prbtecl^ive 
*De vices 

1. "Fuses 

. ■ ■ \ . . ■ 

2. Circuit breakers ^ . 

C. Willing Protective Devices Into |an 
Electrical Circuit 

D. Troubleshooting Circuits for Cause 
of Protective Device Failure 

E. Maintenance Information for Fi;ises 
and Circuit Breakers 

1 . - ^ . . .... : ■ ^ - 

■ • • 

, . . ** ■ f 
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■ ' ■;■ - ; ■■■■ • , J*" >•>■;-'-. > ' . ■• '''' ' -, 

LH-U18 / ' UNIT EXAM - c ^ \ 

. ^ , CIRCUir PROTECTION DEVICES 

41 IMPORTANT- . - ; - 'f . ' 
X Indicia te yoiiT responses on the answer sheet only » Fill in 
. the box corresponding '.to the*' correct aiiswer to each question- 
there is only;, one correct answer for each question** • 



1. A fusi or circuit breaker must , be connected. in series with the" 
circuit it is protectiivg. ' (T-F) • ^ . 

N ., . - ■ ■ - _ , ' . • " V ' •„ ; 

2. When a fuse link melts, or "blows" the electi-'ical result is an' ofjen 

circuit.- (T-F) • • - ' ' • 

«. ■ - " . ■' / . 

3. Miniature carti;idge fuses are often used in automotive and instrument 
^ circuits. (T^F) 



4-.^ ^ \An overload can be sa€eiy prevented by increasing the size of the 
\ /t3St-|rfo?^<ting the circuit. (T-F> 

* * f ' . ■ • ■ 0 , , V /- 

5. " Circuit breakers are used mainly on instruments arid appliances. (T*F) 

6. , A "short Circuit" causes an extremely high cutrent to flow through 

' the circuit. (T-F), " V 

7. t^Y^uit 'protection devices are rated according to the naxiniuji^ 
currehst ar amperage which can f low . througli them, (T-F) 



8. '^ Circuit breakers requaje occasional maintenance which involves man- 
ually tripping the device on and off. (T-F) 



9. Circuit breakers contain several replacement fuse links, that can be 
. , switched into position by. moying a le-ver. (T-F) 



10. A 15 ampere fuse woyld be. correct for use -in a home outlet or light- 
* ing circuit, (T-F) ^ . 
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If the correct size fuse in « circuit continually blows or burns 
out, it probably indicates that you purchased a bad bpx of fuses 
or that you need a larger value fuse. (T-F) 



When the current flowing through a circuit breaker is below, the 
devices rated value, the breaker will trip. (T-F) " • 



A circuit overload can be caused b^: 

(A) using a fuse with a low aope rage rating, (B) connecting too - 
many loads into the circuit, (C) an, accidental low resiltarice path. 
(Q) either B or C, . ■ 



A Prolonged, overload current: 

(A) can be^'avoided by using a higher amperage rating, (B) will not 
affect the circuits operation, (C) may melt insulation and cause 
a short or fire, (D) usually will not trip a circuit 1> re aker. 



A short circuit: _ , ' ' 

(A) is an extremely low resistance path which causes higher than 
normal current flow, (B) canifot occur in a circuit protected by the 
proper size fuse or ci*rctiit breaker, (C) "ban occur only in an AC 
circuity (D) seldom causes th6 fuse or circuit breaker to open. ' 
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TECHNICAL GLOSSARY 



Name: _ 
Date: >^ 
Period: 



J. 



CiyCUlf BREAKER; 



/ 



EIRCUIT ' 

PROTECTION 

'DEVICE: 



/ FUSE 



/ FUSE LIMK: 



OVERLOAD 



'RUiNAWAY CURRENT 



SHpRT CIRCUIT 



A circuit protection device which is basically a thejmal 
;or electromagnetic switch, designed to break the current 
flow through a circuit in case of an overload or short; 
Circuit breakers have an advantage over ^uses in that 
th^y can be easily reset many times. Symbol: ^✓-^^^ 
Hated in arapetes. " C? O 

A device used to protect- a circuit from the potentially 
destructive effects of excessive current. The most 
common circfiit protection devices -are "fuses and circuit 
, breakers . . 

« * * ■ * ■ ' ' . # 

A device used, to protect a cir<:uit against excessive 
current flow. Fuses coi^airi a calibrated "fuse link" 
which burns Ol". vaporizes when/; too much current begins to 
■flow through it. ^.Syjnl^^ot:^?!;^ Rated in amperes ; 

The. thin strip of fugible ij*E?taf built .|nto a fuse, that 
will melt when the ciSrrent flow through it excetj'ds a 
•preset value. The higher' thfe blow-out current* rating, 
the larger the physical size of tH fuse link. These links 
can take the form Of£ bair^rtfttn wire or fairly thickly 
strijps' of metal, ari'^ can be calibrated to one hundredths 
of an amp. (1/100). . \ 

An unsafe circuit coDiditibn which occurs when a circuit 
carries more- cur'rent^than -it can Safely handle. Over- ♦ ' 
loads -can cause excessivje h^at , ire, or an electrical 
explosion. - ; ^'r " ^ ^ ' < 

A circuit condition such as- a shart, which allows th^ 
current in a cjLrcuit to increase uncontrjanably past the 
s^fe limits of the circuit. 



An accidental circuit condition which results in a* low 
' • ; .resistance path .between t\^o points of tha circuit (power 

supply terminals ,;line, etc.}. A shorted circuit 
causes excessively High- current .flow and possible circuit 
■ damage . 

. TROUBLESHOOTING ; The^process of logically locating and correcting improper 

operating conditions with\n an electronic'.circuit or 
- , - system. 
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GRADE : 



Niisie: 
Date : 
Period: 



WORKSHEET 

. VOCABULARY - KNOIV YOUR DEFINITIONS ' 

Develop a short definition, using your own words, for the fo Mowing terms, 
1. FUSE: • • 




2. OVERLOAD: 




3. SHORT CIRCUIT: 




4. TROUbIeSIIOOTInG: 



5. CIRCUIT BREAKER: 



6. FUSE LINK: 



■ . ^ ' I . ^ " "" 




• it 






* 
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WORKSHEET ~ 
QUEST ACTIVITY 
"UNIT 18" 



V Date: 

■■)i',t ■ 

Period: 



1. Draw in the conductors and connect the circuit components below to 
form a series circuit. Add a fus^ into the circuit so that it will 
act to protect the circuit against an overload pr short. 





•■Watt' 



ERIC 



2. 



Connect the following automotive devices in parallel with the 
source, and in Series with their controls. Add an in-line fuse 
to the tape deck branch, and a circuit breaker to the headlight 
branch, , - 



kTTIKY 




c 



NOIN 




t-TIACK nAVII 




LIOHT SWITCH 



V MICU ' 



miSH iUTtON 
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Nane : 
Date: 



Period^: 



5. 



o 

ERIC 



Draw a sketch of a fast acting {Hst blow) and a slow acting (slow 
blow) fuse. 




fast acttng 




slow acting 



4. Explain the purpose or need for a slow acting fuse 




5. Explain how the\circuit brCjaker pictured below operates. 



SPRING 
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0«tQ: 

Period: 



INFORMATIONAL HANDOUT 



CIRCUIT PROTECTION DEVICES ^ 

!' . ■ ■ ' r : .: . .. • . ♦ : 

Fuse* or circuit breakers Bak« uo the sajor types of circuit protection 
devices in use today. These devices are used to protect against excessive 
current i low in a circuit and as such are rated in a%eres. Fuses react 
to an abnomally high current by nelting j6r vaporizing a special »etal 
link which opens the circuit and halts th^ current flow. Circj^lt 
breakers contain either an electromagnet « or a biaetallic thersal strip, 
which opens a set of switch contacts when the breaker's rating is exceeded. 
Once the contacts open, the circuit current is stopped. 

FUSE TYPES: 






MINIATURE CARTRIDGE 
FUSE 



CARTRIDGE 
FUSE 



, PLUG 
I FUSE 



CIRCUIT BREAKER TYPES: 



ERIC 



CATCH- 



CONTAC 



THERMALLY ACTIVATED 
BREAKER 




Hi AT STIir 

t 

TYPICAL CIRCUIT BREAKER. 



^ ELECTROMAGNETIC 
BREAKER 
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CIRCUIT CONNECTION : 



To effectively protect a cij»cuit fron excessively high current flow, fuset 
and circtiit breakers must fae connected in series with the circuit they ar* 
protecting. A typical circuit application is shown below. 




ISA 



on/off switch 



FUSE 
OR 

CIRCUIT BREAKEfl 



SUPPLY 




FUSE TESTING WITH AN OlMI^lETER; 



Many tines a quick visual inspection of a fuse's condition can be wrong. 
A fuse nay look good when it is actually burnt out or defective. A sure 
fired way ta check. a._fuse is to run a simple continuity test as illustrated 
below. 

■ ■ ■ ■ f. 




FUSE 



3s.} i 
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I. 



tub 
tub 
(fub 



tctiir« 
•ctiv« 
•etiirt 
•etiiw 
•etiv* 



«afwtr] 

answer] 
iuis«f«r) 
answer} 



ACTXVITy 



I' 



UNIT is 



1^ 



I 



0 
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1 ; INSTRUCTOR'S GUI PH TO ACCOMPANY LE VEL II UNIT 119 

• '■■ ■" ' ■ ■ ■ ' .,. " \ 
Title of Unit :! House Wiring 

Time Allocation ; 2 weeks 

Unit Goal ; . - , 

- ■ ■ ■ • ^ ■ . ■• ■ " . ■ ■ * ■. ■ • , 

To achieve student competence in evaluating the coronion method in 
which power is delivered to the home, and to develop in students a 
technical familiarity with residential wir$ng ma^erial6 and basic 
ihouseho Id circuitry. / 
T Unit Objectives ; - * I 



, \ The student will be able to: * 

/ state the specific function of a service corjnection and describe 

\ . an detail what is being measured by a kilow4tt-hour meter. 

■ ; ,\ i \' ■ : ' , , ■ ■ 

2'. identify and diffef^ntiate between a variety of basic electrical 
wiring components/ and Materials including duplex receptacle, 
switch, conduit, 'sheathed cable, etc., which may be encountered 
when studying the composition of home eiedtrical cir^tits. 

'3. demonstrate simple wiring skills and recite the , technical pro'- 

ce dure s, necessary to accojnplish the replacement of a fuse, resett- 
i Ing of a circuift breaker, and/or the replacing of an electrical 

, ^. switch or outlet, 
fcvaluation ; 

The student will demonstrate his/her competence in^ terms of these 
measurable objectives based upon individual instructors acceptable 
perfdriftance criteria, which may utilize a combination of written,, oral, 
and laboratory tes'ting procedures. 

Instructor References ; • 

Electricity. and Electronics Basic . William B. Steinberg and Walter B. fbrd 
American Technical Society, 1974. Units; 18 and 19,* 



liousewirinfi . Floyd M, Mik, Coodheart-Willcox' Co. , 1973. Units; All. 

I ■ . , 

..■ Industrial Electric! tV i * Rex Miller^ Chas. A, Bennett Co., 197S. Chapters: 

i .* 

Overv iew; i 

■■ ' " ■ ■ • - > . 

Unit 19 is presented as a functional outgrowth of Units 16 -and 17, 
and this unit should begin with a light review of basic concepts previously 
presented in those units. 

The central idea or theme is to. inform the student about basic house 
wiring circuitry. However, it is not recommended that they should attempt 
to install wiring in a home, but it is conceivable that they may Have 
acquired enough fundamental competencies to allOM them to safely complete 
a replacement job on a switch or 'outlet. 

At the unit ^U^tset concentrate on explaining the purpose of the ser- 
vice connection alon^ith the relate knowledge of reading a kilowatt- 
hour meter. ^ ^ 

Next, describe typical electrical materials that, are associated with 
electrical construction wiring. Also, emphasize various kinds of house- 
hoi'd circuits along with some simple repai reinstallation procedures, 

ERJC ' ' ■ ' 
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Suggested Presentation Hints/Methodology ! ^' * 

Follow the instructional unit module ' outline as a basic skeleton 
for cuTtjlculum presentation, however, note the follovying: 

1. This unit is far more eiffective if the students have an 
.opportunity to interact with the actual materials and wiring 
apparatus. If a commercially produced. wiring demonstrator is 
not available it is fairly easy to create a usable instructional 

I device to further facilitate this unit of instruction. Work 

with the wood and tiraf ting instructors and design a portable wall 
demonstrator that, can be rotat;ed into the different labs as 
needed to illustrate various principles in house construction, 
architectural design, and/or residential wiring. The wall * 
I trainer should be able to accomodate several students on an 

individualized paired basis, and it should realistically 
simulate a wall and partial ceiling section. Additional elec- 
trical parts, and mater-ials such as ; switches , lights, watt-hour 
meter, romex, signalling devices, fixtures, etc. may be mounted 
as desired to accomodate wiring experiments. ' 

2, An interesting and economical instructional device which can 
enable students to easily comprehend electrical wiring tech- 
niques is simple to develop. Cut ^ ^ssortmei^t of 2' x 2» 
pieces of particle board, then cover each with "butcher" paper. 
Draw with a marker a pictorial diagram of a common residential 
wiring circuit, ilave students mount appropriate parts right 
over the diagram and wire. Inspect, test, and gr>de their 

Supple mental^ Alt! V I ties and Demonstrations: \ 7 ^ 

1. Add a new^dimenpion to a wiring wall trainer activity by having 
available in the shop 4 or 5 lab. coats of various sizes. A 

N"logo" such as Joe's Electrical Repair or whatever else is 
• desired can be affixed to the coat. If possible issue out stan- 
I dard electriciaijs 's type tool holders which can be strapped to 
their waist and filled with an assortment o^ tools and materials. 
Tliis role playing atmosphervwiH generally stimulate students ir 
a very positive manner as thly progress inftheir activities, 

2. Contact a local electrical company and ask if it woul'<l be' 
possible to take slides of a crew working at a job site. Share 
these slides with the class and narrate the kinds of activities 
electrician's perform and the qualification and training which 

^ is typically required, I 

Instructional Module Contents: 
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1. 


Uiiit Outline (overhe9d) 




2. 


Pre-Post Test (keyed). 




3. 


Technical Glossary, 




4. 


Worksheet Cvocabulapry) - 


Word Search , 


5. 


Quest Activity 




6. 


, Informational Handout - 
Kilowatt-Hour Meter 


(Electric Service Drop-Reading the 


7. 


Informational Handout - 
Installation and Repair) 


(Handy Hints About Basic Electrical 


8 

• 


Unit Module Answer^eys 
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XIX» Ho|se Wiring - \ 

/ A. Service Connection ^ • 

B* The Kilowatt-Hour Meter 

!• Electrical energjr measureraent 

' 2. Meter reading and energy cost 

. ■ ■ . ■ . : ■ . ■" . i ■„ ■ ■ . ■ . . ■. ■■ .. ^; 

3. Comparison of power used by 

dijf ferent household appliances ^ 

4. Method for conserving energy 

I 

5. Relationship between human / 
comfort and energy consumption 
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C. V Wiring Materials 

D. House Fixture Wiring 

1. Switching circuits 

2. Outlet circui1;is 



£♦ .Wirj,ng_ Requirements for the Home . 



jc - jS'j 



^ % 



test Number 



\ 

\ 



Lii-uid ' ' * UNIT E\m M 

- HOUSE WIRING 

' . .-I ... - ■•' . , ■ . ■ 

inpoRTAriii; ■ ^ 

/ indicate your responses on the answer sheet only. Fill- in 

the box corresponding to the correct answer to each question - 
there is only one correct answer for each question. , 

\ ■ , - , ■ ; ■ ■ ■ . 

• . . ■ "i^ ' ■» ■ 

1. The amount of electrical energy consumed in youV horoe is neasured 
by a kilohour-watt meter. *CT-F) 4 ' 

2. llic individual dia^s of a kilowatt-hour meter ^11 have the same 
o kwh value. (T^F) / 



3. Tlie basic energy unit upon which electric compaffies base their 
, customers bills, is the watt-hour, (T^-F) / 



4. The kilowatt-hour meter is corinected between the entrance head and 

the distribution panel in such a way that all energy consumed can be' 
accurately measured, (T^F) 

5; A branch ^circuit and a series kircuit are the same. (T-F) • 



6. The bare copper wire found in house wiring systems is always a' 
"hot" wire. v(T-F) " 



7, «5\ l^ormal home electric service is designed to supply both 12o\olts 

and 240 volts. " (T^F) . , t 

8, The advantage of a fusO, is that it can be .easily reset by moving a 
switch lever. (T-F) ; 

9, The standard color coding fcTr the neutral wire used in house wirinn. 
is white. . (T-F) , 
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When 
neete 



in^t^liing a duplex outljjL the brass kttachroerit screw is c6h- 
4 to the."hot^' or black ^e. ; (T-FJ® ; ' - ' 



n 




A ciiircuit oyeTload will generally not c^use a circuit breaker to trip. 



It is perfectly safe- to replace a wall switch' or duplex outlet with- 
out turning off the main power^ ^^rk .carefyl]^ (T^FJ 



13.' 



14. 



Hach <^ ranch cii^cuit in the^home should contain either, a fu^e or a 
..qircuit breake;^ to prevent short circuir conciitions. (T-F) ^ 

.Overloaded glass cartridge fuses can be Identified by an open or 
burned fus^ link. (T-F) - ' ' . - . 



15. 



>«4 



What is th^i'T^^ding on the kilowatt-hour 'meter? 

<^ « ^ 0 d 0 

l..-T--^9 9^--r-^f '.9^.-i-^l 




(A) 6372, CB) 2 736, :(C) 3746. (D) 2746. 



I. 



Identify the following residential wiring items by matching the sketth 
with the item description. Ort yout ansWer sheet record -only the: letle 

' . . / . A 

E ., {lot. wire ^ > • , 



\ of the identifying term 
i6. 



18. 




White 



1 



Cover plate * 
Jj *G. Wall switch 
; H, Armoredb cable 
I , . Lamp socket 
J. Crimp connector 




•20 . .1 




K. Distributijbn panel 
it I ' 



L» Condu 
M., Neutral wi 



re 



N. Twist ^ifinne^t^r (wire ,nut) , 
LlI-UlS-S^^i A ^ ^ , 



'^r^ -^^ — — 

21./ ■'-'^•<.^^^, -■^'^.'r^^^'^'i 



22. 



23. 



24. 




t 







? 




0. ' AC plug 

P. Recisptacle. CllOV), . 

Q. Entrance head, 

R. Box 

S. Nonmetallic sheathed cable 

T. .Cround Wire . 

0. Kilowatt-hour ineter 

V. Fixture box 





/ 




30 



J 



( • 



1^ 
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372 



I 



Najae: 
Date: 
Perfod: 



Sr*Hf,^ PllliP03E A house wiring circui^t used for lighting fixtures and 
CIRCUIT: outlets In all rop^is except the kitchen and lauiTdry area. 

^ " One general purpose branch is used per each 5.00 sq. f^et 

*. ■ of floor space and ds generally protected b^^ a 20 amp. . 

: 120V fuse*. 7 ' ^ 

^GfeOUNPED: Refers to a wire or conductor which is connected to the 

earth. 

GUOUNDING WIRE : An additional wire used jn ^an electric cii-cuit as safe 

guard against electrical shpck. In Kouse and appliance 
^ cirtiuits, this wire ii color codedV green . During norn^al- 

V. ?i^5^^i^ operation , the-' grounding wire is not in use; but 

" " " in ^ abn-ormal Situation such, as > live wire accidentally 

■ f , coning in contact with the frame, the grounding wire 

r provides a. $afe path for electron flow, * - i 

itOT WIIU:: ■ ~ Any wire that carries electrical current. In the home 

. , these wites can bcj any color exce^>t white and -green, but- 
. * ar^ usually blacK, blue or red in color* 

i:4pIVIi)UAL • ^ A branch cir-cuit in the home designed to. serve jpdividual 
CIRCUIT: ^ . pieces of electrical ' equipment such -as ranges, water 

^ heaters, air condLtiohers , otc. Each ijidi vidua 1 circuit* 
^ • i'B protected by a -Tusfe or circuit breaker; . 

KILOWATTrliOUR: ^ The, electrical unit of measure for the amoun,t of power/ 

energy consumed in the home, Abbrev, KWIj. ' 



4' i 



KILO'.ifA.tt-iiQijR / A meter used to monitor and- record"* the amount o.f elec- 
MliTER: f trical i^ncrgy coiisumed in the home. The kilowatt-hour - ' 

, ; . - meter is connected in series with the service drop, and Srs 
vfead monthly by the electric utility company. These 
- 1- , pioiithly readings form the basis for computing your .. 

; • electric bills. , ' ' • 

' - ■ ■ . ' •*- 

imp SOCKET: ; ■ A screw type sob^iet used to hold an electric lightxbulb, 
„ ■ ' : Thfe socket- provides an electrical contact for the contact 

' y r' pbints in the lightviji^Jlb and nay als.o contain an on-off 
\ " . ' , switchf.. ; ' • ~ 

:UINE,^ORD': -A group^crf two or three stranded flexible conductors 

^ \, used to connect lamps and appliances to outlets. Line 

cortis caii be groupd'd into three basic types.: 
J.amp or* fixture co^ds, appliance or heater cords, and 
" - a\ service gr power cords* The main' differences between the 

'•x types, lies in the gauge of the stranded cond'uctors and 
.'^ . the kind of insulation used,'' ' 



\ 
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Name: 



NEUTRAL WIRE: 



NONMliTALLIC 
SilEATUi-D CABLE 



RliCEPTIGLE: 



SERVICE DROP: 



SOLDE RLESS 
CO.W.NECTOR: 



TiiREE-WAY 
SUlTCii: . 



WALL SWITCH: 



WIRE GAUGE: 



' Date: 
Perib?!: 



NATIONAL 
' ELECTRICAL CODE: 



A set of rules written by the National Fire Protection 
Association and^e American National Standards Institute. 
The purpose bttljcse rules is to safeguard persons, 
tiuildings, and Contents, from hazards arising from the 
use of electricity. Pollowing the standards ^set do*n by 
the National Electrical Co de^ will result inj^kiildin/s 

essentially free from hazard. :■ ■ ^- z' 

,+ ■ . 

The white colored wire or conductor used in house wirinc 
is known as the neutral„ or ground return wire. This wire 
muist be grounc^fed at themain switch or fuse panel and run 
tg e^ach outlet without being broken or interrupted. - • 

An assembly of two or more insulated wires with an outer 
sheath or covei^ng of a moisttrfe-resistant , nonnietallic 
material. Also known as romex cable. 




A contact device, sometimes referred to as a wall outlet 

*f"Pf®^ recepticie^ which provides a point to plug in 
\2^y^ devices such as^iamps, toasters, etc. .Outlets" can 
be purchased \i^th or without a grounding terminal. 
Although it IS >i;itgvs desireable to use the grounding 
terminal when possiB^e, ^ 



The conductors which/extend, from the 
or tlie pole transformer to the home, 
service 
neutral 



consists of three wires, two 



wire 



street main lines 

A typical house 
115V lines and one 



These 



Also known as a wire nu^t or twist connector, 
devices are .used -to cqnnect two or more wires in a '-semi- 
permanent- or permanent manner. Basically these devices 
are tapered, internally threaded plastic insulators which 
twis-t on to the bared ends, of the conductors to hold then 
togetjier fi.rmly, ' ' \ 



A type of wall switch w 
rather than the- normal 
Scan be used. .to conttol 
locations'. 




s three connection,s 

three-way switches 
"ftom two different 



tumbler 



switch . 



A device used to open and close the 
• current path of a circuit. Wall switches are typically 
^used in the home to turn lighting circuits on and off. 
Switches aive used only on hot wires (black., blue, or red) 
and n^ver on neutral or grounded wires. 

A numerical system for sizing wires commonly called AWC 
(.American Wire Gauge) number. The larger the wire number, 
the smaiJ5>er the diameter of the wire. ^ — "'-'"^ ' 



for house wiring are 10, 12, or 14 gai^ge. 



Common AWG sizes 
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SCORE: 


i 


Iran A'V%^* ^ 

GRAUii: 
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WORKSilHET 
VOCABULARY - WORD SEARCil 



Nane : 
Date: 
Period: 



Ifocate the\ electrical terras in the matrix below ^ and record your findings 
in the spaces provided. The first letter of each term is given to yau, f 
Circle the ternis on the Mtrix below.' Words may be forward, backward, 
^ vertical, horizontal, or diagonal but must be in a straight line. 

A' C C 2 F T I J' J C L A M P k 0 C K E T S 0 P T F 

tl- I 0 L M J D I S T R I a U T r 0 N D 0 U A A H U 

S J N A K Q L I N e'c 0 R D N O P C R R Q R 0 R N 

X M D E R il U P i) Q N E U P K M K C S U M R T E Y 

R G,*U G U 0 Z A C P L U G N T M N J4 C 0 ^ V J E F • 

M 0 I X 1: T ZBEAAIYIDROSRIiK LOW & . 

iJ E T L H R E C E P T I G L -E K E L T T .1 ? A L • 

P E C V C I S A E T M N V T R S I) R T T J O A Y ' 

B 0 X E S R A S L U L 0 L F N C T vT>-¥r^K SI' ^ ' 

• - L R M D<a E U L K W Y C S 0 A L Y A G W W I E W L 

NI5EGUAGERIK0BNDETP0ZI MI P 



E L E C T R I C L B C R LvU A. N J I C L A B A T. A 
,D I. C ^ T -U K q' E K J E E V E V 0 B ii I ».Mr l c e 
H C T I *S L L A W Y R S z' P L J N X K E W S I] D 





t iij^l S I 


r R V 

« 


1. 






2. 


7^ 




3. 


G 




4. 


I 




S. 


L 


* 

? < 


6. 


A 


« 


7, 


A 




8. 




• 


9.. 


•K ; . / 


• 




R 






S 












It " " 






















D , * - ■ 


E ^ ■„ 







SCQKI:: 
GRADH: 



IvORKSilHHT 
gULST ACTIVITY 
"UNIT iU" 



Name: 
Date: 
Period: 



Read the values indicated on the kilowatt-hour meters pictured below 



•V 




1. 



7^ 



2. 



3. \ 




1'. ^ 



.4.. 











^2 













Name: 
Date : 
Period: 



Determine thei number of kwh's of electricity" * 5A» l 
consumed fay this consumer by using the meter ' 
scales below* ^ .' ■ 




Reac 
take 



Reading 
3 tMen on 
Dec. 31 



Reading 
3 taken on 
Jan. 31 




1—: ' I - m I .1. — 

Compute the cost . of this electrical energy if 
eaxh kwh is billed at a rate of $.&21 with an 
additional basic service charge of $1.60. 



Show work 



5R 
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Pate: 
Period: 



Indicate the N.E-.C, standard color code fbr the 6A, f 
house urires depicted below. T" 

0HOT n 




3 



^ (]|| NIUTKAl 

Route-, and correctly connect the wires coming from the armored cable 
to the duplex o.ut let. ^ 

/ • • HOT 



SILVIi 



OMEN < 



LI 



IJ 



•tASS 



NIUTKAi 



•ROUND 




Wire the wall switch circuit below in such a way that it will control 
the operation of the lamp. ^ " • 




Switch 



tieiling 
Box • 




GliOUND 



NIUTRAL 




Source" 



Socket 
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Naae: 

Date : 

Period? 



Identify the items allied for in the lighting 
citcuit below* 



B. Itfhich ^ 
> supply 
lead 



A, Type of 
switch 



9B. r 



3 



1 





J 



1 



, supply 
source * 

fm mm mm ^ v.i 



C. Color of 
i.this wire 



lighting 
fixture 



Name of 

switch terminal 



10', fi-kp lain the purpose of a three-way switch circuit, 



1 



Datei 
Period: 



^4) 



INfORMATIQXAL HANDOUT 



HLHCTIUC ^tRVICE DROP. - READING THE KILOWATT-HOUR NIETJEU 
Electric Service Droi? 



Entrance Head 



Conduit 




Three Wire Service 
(120V/240V) two hot 
and one neutral vire 

To overhead pofrer 
distT4^butidn lines. 



Support Cable 
Kilowatt-Hour Meter 



Distribution Panel 




IfMain Power Shut-Off 



OOOG 




Branch Circuit Protection 
Devices (fuses or circuit 
breakers) - * 



Ground 'Wire, (connected to 
iEarth via grounding rdd or 
water pipe) 



The. electric service drop pictured above is , typical of-many* powes 
insfallationi capable of supplyi'n-g 12&V/240y sei^yice to the hoine. Th 
wires, along w-ith a support cable extend froiti the overhead distributi 
• 1 line.' to the ehtrance head on tfie house or building. Two of the wires 

ERJC ^ ; 
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Name 



Date : 
Period: 



carry 120V potential, and are referred to as .the hot wires, while the 
third wire is a ground or neutral conductor. Voltages are developed across' 
the c6n due tors as shown below: 



[Red-Hot 



Along with the available voltages, a system must also be designed to 
iiandle a certain maximum current flow. Most single family homes are 
designed for either 100 o.r 150 ampere service. • * > 

As electrical energy moves from the entrance head to the distribtition 
panel, it flows through a kilowatt-hour meter, "piis, meter is designed 
to nieasurc the amount of electrical energy consumed in the home,i and 
is nionitored by the local power company. They .in turn compute your \ 
montlily electric bill based upon the number of kiiowatt-'hours of ^ncfgy' 
uscd.; . ■ • > ■ • • • ■ 



After' flowini^ through the kilowatt-hpur meter, the current 
into the distribution panel. This panel contains the ma,in 
connect (a switch, fuse pack , or circuit breaker which can 
turn off all power to the home) and the various protection 
or circuit breakers) used in each branch circuit. The wire 
the circuit panel, and enter the house to form the various 
appliance, and^hdividual wiring circuits. 



is directed ,j • 
power dis- 
be used to 
devices (fuses 
^ then leave 
general .purpose , 



KHADIWG TilU KILOWATT-IlQUn MOTIiR 

You may want to .read ydur-^e4ectric meter for several reason 
being able to compute your monthly electric bill, or to per 
check your consumption of electrical energy. Some meters' h 
readout which is simple to read while other meters msc a se 
and pointers to indicate admeasurement'. 





s ; such as 

iodical ly 

ave a; numerical 

ries of dials 

. '-i 

'■ ' 'i ■■ 




Th^ drawing above shows several styles of kj-lowatt-hour meters, 
your meter at home - it may be different fto'm those pictured. 



Locate' 
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Name: • 



D^te: 

Pjeriod: 



The kilowatt-hour meter is basically a current sensitive motor, connected 
to a gear driven counter^ On a dial type counter e^ch adjacent pointer 
will rotate in the opposite direction as pictured below. ' 




To read a meter similar to the one pictured above, start iith the dial 
at the left, and write down the last number the pointer has parsed on 
each dial. Thus the heading on the meter would be 4603 kilowatt-ho^rs . 

Let's try a few -more saraplef readings. - - ^ V 

o' _ • 0 





The meter pictured above is indicating a reading of ^64 8 kivn's, ^fiotic^; 
even though ,the pointer fall's between twix numbers , you always read tio 
the lower valuer jalso, each dial corresponds to a, plaice value in our , 
^numbering system ICbnes, tens, hundreds, etc.) . > " , , / 



What reading is indicated on- the .kwh meters below? 



a 





Period: 



LNFORllATIONAL HAiVDOUT- 



HANDY HI>;TS ABOUT basic. EJ.ECTRICAL II^STALLATION AND REPAIR 



The sequency of tips that follow shoul a only h^. utilized as a reference 
guide for. minor Electrical work • ' j „ 

Minor Work= •repair of blown f lises * 

♦Resetting of circuit breakers ' • 

•Replacement of electrical switches and 
.. ... ,. -v outlets .... ^. \ ' 

. #Identification of an overloaded circuit ^ 

Malor Work= •ifiiring whidi must conform to 'a standard or 

' . ' dode, and generally requi^res e. licensed . 

. , electrician to complete. V ■ , - _ v • 




V 



u 



3e saf(^ii6|t sorry : J'ievejr work on a> house circuit ' unless the main power 
or the fpdw«r. to the branch circuif is shut off ! 11 Doublejphcck . ' . . . - 

Wever touch a Circuit Protective Pan^l , (fuse .or jbircuit breaker bo„x) unless 
yo.u" observe the following: ' ' 



(PiJandi^ panels with one hand 
only 1 ■ v ■ - ' _ ' r . . • 

©^.'6 a?;- shoes . 



►otahd' -oH a; board 



. W-i^no^J. exactly wliat is roper 
\to do for each situa^iori - >- 




Circuit 
Protective 
Pane i 




Peix od: 



Fuses $iid Circuit Breakers 



After the service^conirexrtrtoxvelectrical power goes immediately to 

the Circuit Pr.ptec'tive Panel where it is cliVideC up into the appropriate 

The panel houses* many circuit protective devices which 
t How wlien -some thin n is wronxi! 



branch circuits, 
will stop currfen 



Shorted wires 
and circuits. 



< 

Fuses: 



> 



OR 



OVefloads, 



appUance p.rob 



2 Basic Types 




^lany older homes use plug fjuses and cartridge fuses and you should kjiow 
now to replace then. ' * 



CARTftlDGO TYPE 



0' 



*:Jo visible indication wh'en . blown • - » ' 

♦Installed in i3ull out drawers ' . , 
*l;nd cap oa the meter side b£< the fuse is, always hot 
•Look at label on panel, find. bad house circuit tHerT 

replace that fuse - Use wdqden tool to remove old 

fuse 

**Shut main power when replacing 
PLUG TYPE 

^ ■ ■ ■ III ^ y 

*Window discolored or metal strij) broken . when . blown 
* Only* replace with proper size and type fuse 
*Look at' label on panel, find bad house circuit and 
iocate bad fuse, 
'*Shut mam power when replacing 




Check 
this 
out 1 




Check 
these, s 
carefully ! \ 



FINAL CIRCUIT CHECKOUT 



Before turning power back on remoye all appliances from electrical circuit 
which was disabled. Turn the power on. after fuse replacement and then 
plug each appliance in one* at a tiroe .and observe the power. If the fuse^ 
plows again that last appliance must be repaired, and if all is "QK" .the 
circu.it was probably overloaded with too many items plugged tin. 



■J 
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Brieakers: 
2 Basic types 



Date : 
Period: 




ft 



V 



Q 



PUSH 



Many hew homes in most areas use circuit breakers to protect wiring in 
the. hone/ , ' * f ' 



SWITCH TYPE ' 

•Located in panel enclosure 
*Opens circuit- automatically or manually 
*When tripped swi tell will be labpled "OFF" 
•Reset by switching to "ON" position-.^ . 

PUSH BUTTON TYPE 

•Located in panel enclosure. 
•Opens ci,rcuit automatically or manually 
•When tripped button will "POP" out 
•Reset by pushing it "IN" * 




Uevie^^i 
these! 



Study 
this!- : 



FINAL CIRCUIT giECKOUT 

Before resetting circuit re aker remove all appliances from electrical 
circuit which was disabletl. Reset proper breaker then plug each appliance 
in one at a time and obseTve the panel and appliance. If t)re circuit 
breaker now trip^, that particular, appliance must be removed and repaired, 
and if all is "OK" the circuit was probably overloaded i^ith too many items 
plugged in. . - . 

Replacing Wall Switches and Receptacles 

Instructions in this section will describe a typical method for replacing 
a wal^J switch or outlet, but before we can start describing procedures 
make sure yotjr familiar with these tools and color codes' . 



Common Tools 
To Use 

- 

"Screw driver 
Phillips screwdriver' 
Long nose plier 
Knife 



Electrical 
W ire Color Co de 



-Green 
Red 
White 
aiack 
Bare Wire 

Ul*U19-2 



4r- 



(Match.- up) 



Screw 



gevice 
tolor- 



Code 



X 



Green 
Brass 
Silver 
BVass 



hiectrical "Box 
{Ground) 



Name: 
Period: 



KALI SWITQl * 

Wall sv/itches" sonetiiaes wear out, short out, or we are" just, tired of that 
type and want to replace it with a different kind of switch. 



Here is how. 



1. 

2. 
3. 
4. 



Shut power at panel 
Remove cover, plate 
Remove raounting screws 
Pull switch from box 




AC ■ - 




I 




mmk 





IF SWITQi IS, 



6. 



7.- 
8. 

9: 



"SINGLE POLH" 
2 terminajl screws 



Remove the two wires from the 
old switch. 

Attath the two wires you just 
rjcihovcd to the two terminals 
on ithe new switch (eitlier , 
'order is ok) , 

Tighten the terminal screws. 
Remount the switch in ^he box 
and replace cove^ plate. 
Res'tore power. 



a Wmy 




^'S-VJAY Sl.'ITOi". 
(Green wire 3. terminal screws 
not included ' 

in description) ' ' . 

5. Identify the terminal on the old 
switch that is marked common or is 
of a different cojor from \the 
remaining two terminals, lAll . 
switches do not look alike). 
Remove the wire from th'at common 
terminal and attach it to the com- 
mon te^rminai on the ney switch, ' 
Now, remove, the remaining two wires 
from the old switch and attach them 
to the remaining two terminals on 
the new switch (cither order is ok). 
Remount the ^w^cli in the switch 
box and replace the cover plate. 
Restore' power, 



6. 



7.. 




ERJC 1 




Date: 
Peridtl : 



WALL RiiOiPTACLES - CConveiTiencf autlets) 

Receptacles or outlets sometimes wear out, short out, or we are just 

tired of that.styLe and want to replace it witfi a different kind of 
receptacle, ' . . 



I. 

•2 
3. 
4. 
5. 

6. 

7, 



how. 



s. 



.1); 
iu. 



Shut ^wer at panel. 
Re novo cover pi ate. 
Remove mcSunting^ s*crews , 
Pull outlet froiii box, 
Xoosen ternin^l screws and 
reuove wires (or wire nuts) . 
Hxchange outlets. 
Install wires on proper» 
screws while observing jcoIot 
code (black wire to brass 
Sucrew, wliitc wire to silver 
screw, and green wire to 
green screw) . 
Check that you' have npt 
.. conne c te d . ^ b la ck wi re to 
a white wire . 
Mount outlet in box and 
replace .cover plate,, 
Restore power, • 



X 




.laKc sure wires are always carefully attached to the tcrninals of electrical 
devices. Place thcvbare loop around the screw so that it will be tightened 
oy tJte clockwise motion when the screw is driven. 



( 





Reinenber, swj.tches are installedrproperly only when they make or brcaK 
the "hot" wire (bMck),' Th'e neutral wire (white) must, never be interrupt 
by a switch, . I 



ed 



Unlike switches wire colorfng is always critical in electrical receptabies', 
^° "^^^^ connect wires of a different color to each other or to the- same 
terminal.' • ■ ' ' ' - . 
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SCOliU: 1 
GRAUE: 



1. 
2. 

3. 

4. 
. 5. 

7. 
b. 
9'. 

iO, 
11. 
12. 
13. 
14. 
15. 
10. 
17. 
18. 
19. 
20. 
21. 
22. 
2 3, 
24. 
25. 



T F ' 
ABC 0 



H 



M 



U 



0 



'•r 



4; AM II1-U19 



T F 
A B % D 



:i - 



Name: 

i 

liate : 
Period: 



.20. 


R 








1 * 


" 51, 


27. 


F 










52. 


28. 


1 










53, 


* 

29. 


N 










54. 


30. 


K 










55. 


^ 31, 












56. 


32, 












57. 


. 33, 












58. 


34. 










- 


59. 
















35. 












' * 60. 


.3C). 










• 


61. 


' 37. 












62. 


3a. 








k 




63. 


59. 












64. 


40. 












65,* 


41, 












66. 


42. 












67; 


43,' 




• 








68. 


44. 












*9. 


45; 








ft 




70. 


46. 












71. 


47. 












72. 


48. 












73. 


49. 












74. 


50. 












* 75, 



T F 
A B C D 





























































/ 














- 




9 ' 




















































h 
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*ShouL work for problems on^back of answer sheet. 

."i-wf-" 3S9' 



TF 

AB C 0 



76, 

Vs.. 

79. 
80. 
81. 
82. 
83. 

84. 

85 , 
-86. 

87. 
88. 

89; 
90. 

9U 
. 92 , 
93. 
94. 
95, 
96. 

97.- 
98. 

99; 

lob. 



• 








■ 


1 


















r 












































- 
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ANSWER "KBY 
UNIT 19 



WORD SEARCH ^ ' 

!• Conservation 

2. Conduit 

3« Grounded 

4. Lanp socket 

5. Line cord 

6. AC plug 

7« Araored cable 

8. 9oxes 

9. Kilowatt hour 

10. Ileutral wire 

11. Recepticler 

12. Service drop 
ll.f Three-way switch 
14 J Wire gauge 

15/ Wall switch 

16. Hot wire 

17* Distribution 

18, Electric 



9A. 
9B. 
9C. 
9D. 
10. 



of the socket. The 2 wire 
cable is routed into the 
switch box and one wire is 
connected to either switch 
terainai the reaaaining 
wire to the other terminal. 
The ground lead fron the 
source is connected to a 
screw in the outlet box.'* 
3 way switch 
hot 
white 

conaon connection 
*.A three way switch circuit 
aakes it possible to turn a 
light on or off. fron two 
different locations. 



QUEST ACTiym 



1, 
2. 

4. 

5A. 



SB. 



6A. 
6B. 
6Ci 
7. 



8. 



43216 KWH 
15 73 KWH 
8057 KWH 
49417 KWH 
Jan. 31 7273 
Dec. 31 6842 

"TJI KWH 
431 KWH 
$.021 per KWH 

862 



service charge 
Total cost 



1.6Q 
$lI575r' 
black /Red 
^reen • 
white 

Hot lead to tlje right side 
brass ternihal. Neutral 
lead to the left side silver 
terminal ground bare lead 
to green arounding terainal. 
Route therhot lead f roa the 
source into the outlet box 
and wire nut to ttye black 
lead of a second two wire 
cable running to the switch. 
Route the white lead fron the 
source' into the outlet box 
and wire nut to the white 
lead of the Ught socket. , 
Wire nut the remaining wire 
in the 2 wtre cable in the 
outlet- box to the black lead 
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ELECTRICITY / ELECTRONIGS 

CURRICULUM GUIDE 
^ INSTRUCTIONAL MODULE 




ITATE OF CALIFORNIA 
DEPARTMENT OF EDUCATION 



NAME. 



DATE STARTED, 



DATE COMPLETED. 



BY 

R. E. ilLLO 
N. S. SOFFIOTTO 



39i 



INSTRUCTQU'S tSUIDI: T& ACCOMi*ANY IEVEI U UNIT I 20 



Title of Unit ! Introduction to Electronic Math Fundamentals- 
Tiiae Allocation ; \^ weeks 

'unit Goal : , . 

To investigate "and reappraise a variety^ of raathematical ccinpptencies 
acquired in previous courses, and to u'tMize those fundamental skills 
as a foundation for introducing the principles .of technical aath. * 

' Unit Objectives ; . • , ' 

The student will be ^il?le to; 

1. demonstrate through problem solving the proper procedures to 
foUow when completing an addition, subtraction, multiplication 
»nd/or div^si^n problem. 

2^ apply the theory of scientific notation txr "powers of 10" and 
successfully work a variety of problems- as provided by the 
insttructbr.' 

manipulate the 'decimal point corre<?tly when converting common 
subunits (decimal multipliers) to other units as directed. 



3. 



Evaluation 



The student will demons<tratte his/her competence in terms of these 
measurable objectives based upon individual instructors acceptable- 
performance criteria, which may utilize a combination of oral, or Wri 
testinj^ procedures. 



ritten 



Instructor References ; . 

Basic Mathematics for Electricity and Electronics . Bertrand B. Sinrer. 
' 1 McGraw-iiiU feook Co., is^^8. Chapters; — PTT 

Basic Nfat hematics for Electronics . Nelson M. Cooke and Herbert F. R. Adams 
McGraw-Hiil Book Co. , 19 76. Chapters: 1-6, 7, and 2/ 

Vocational and Technical Mathematics in Action. 
" BOOK Co. , ly/U; Chapters: !-!>, and 10. 

Overview: 




jT , 



Samuel L^vine I Harden 



It was presupposed that basic mathematical skills have been presented 
to the student prior to this course. This unit was designed to reviejy 
those competencies and to inform students in terms of - related mathematical 
skills that can greatly support further technical achievement. , ' j 

The beginning thrust of this unit then is obvious intf important, ' 
to omit such a reyiew would be a serious mistake. {lor many students a 
short, informative review will quickly re-establish their mathematical 
skills. . ■ • A , '1 . 

The "topic of scientific notation may take a substantial' amount of 
class time during ins-t ruction , however, the skill gained in handling number 
will be a valuable asset for .the student. '1 

Next, conversion of units should be presented. The importance of 
this topic cannot be overstated. Utilize many practice sessions aiju remem- 
ber "repetition is the mother of learning." 
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Suggested PresentaUpn Uints/MethodoloRy ; 



) 



Fol low' the ins tructional unit module outline as a basic skeleton 
for curriculum presentation /Tiowevef^ note the following: 

1. Use a pre- te&.t'^'( Quest activity) designed just- to review the 
' following math skills: addition, subtraction, multiplication, 

division, fractions ,' decimals , powers, and square root^ Analyze 
the results to determine what areas need to be reviewed in more 
depthi 'Without this kind of assistance the student will en- 
counter tremendous difficulty, With the educational movement . 
' directed towards a philosophy of back to basics it is wise to 

continue to promote this kind of iundamental activity. 

2. CalculatGrs are .a fantastic addition to the world of'problem 
.solving. Many students' however, will disregard processes that 
mu5t be performed to derive an answer because they will rely on 
th6* genius of the electronic calculator instead. The process 
must be stressed and the mathematical ski'U attained, then f or 
rote problem solving the wizardry of the calculator may be 
employed. r ^ • . 

.3. The final topic in this unit 'refers" to the techniques in- apply- 
» » ing.a formula. For some students this is their first exposure 

to, the process of solving for an unknown quantity. The instruc- 
tor can really ^assist the student by exalmining the purpose of 
a formula, then' drawing the "analogy that a formula is like a 
cooking recipe which enables one to. obtain desired results by 

adding together the correct ingredients.. 

■ ,. . , • 

Supplemental Activities and Demonstrations ; 

J ■ - ■ 

1. If a classroom computer like a TRS-80 or PET is aval lable,'do not 
hesitate- to incorporate it as a means to reinforce the learning 
of basic mathematical skills. Program some simple skill exer- 
cises that wilj increase the proficiency of the user. 

2. A fun type iactivity which demonstrates, the usefufness of 
"scientific notation**, and can be. adapted into a game situatioij^ is 
described as follows. Divide the chalkboard into two parts and 
ask a student to stand on one side, then write several large 

-numbers to be multiplied as- Quickly; as possible. In the tnean- 
time move to the 'unused'section of the chalkboard and utilizing 
, scientific notation complete the same problem. You should be 

finished about 2 dayS before the studejits. This will impress 
them with the quickness of this technique. 

Instructional Module Contents ; 

■ . ... - ' • ' 2 • 

1. Unit Outline (overhead) * 

2. Pre-Post Test (keyed) . " • 

3. Technical Glossary 

4. ^1 Worksheet (vocabulary) - Sframblcd Word Puzzle 

5. V/orksheet - Scientific Notation 

,S 6. Worksheet - Multiplication and Division Using Scientific Notatior 

7. Worksheet - Electrical Units and Conversion 

8. QUe^t Activity 

9. Informational Handout (Scientific Notation) 

10, Informational Handout (Conversion of Electrical Units) 

11, Informational .liandoi^t (Introduction to Mathematical Formulas) 
^ 12. Unit Module Answer Keys 
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Introduet ion to Electronic Math r 
Fundamentals 

A. Review* of Basic Mathematic Skills 
B* Scientific Notation 

C. Conversion of Electrical Units 

1. Coiranori subunits: kilo, mega, 
milli, etc, 

2, Conversion method 

D. . Techniques in Applying a Formula 
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'* ' ' ■ ' '■ -Test Number' 

Lfl^U2Q " < " UMIT HXAht . ' - ' 

■ INTRODUifnON TO' ELECTRONIC MATU FyNDA^OmS 

. IMI^ORTANT- . " > 

Indicate your responses in the answer box only. FiH in the box 
corresponding to the correct answer to c^ch question. Tliere is 
only one correct »answer for each question. ' 

■ • . " , "■ • 

■ • . .J ■ • . • • . •• • . 

.•M - ■ . ■ ■ . ■■ ■ ' • ' ' ■'■ 

, f 1. The abbreviation for rail li is id. (T-FJ 

, ; ■ ^ /. ■ v ■ ■ : 

'2. 100 MIovolt is greater than. 1. megavoit." (T-F) ' • 

■ X 5^^ is a scientific notation expression. (T-F) * - / 



4. The electrical units volts, amperes, or ohms, are considered basic 
or base units* (T-F) 



5. One microvolt is equivalent .to ,00.0001 volts. (I'-V) 



6. The expression X - 10 + y2 is a mathematical formula- (T-F,) , 

7. When converting from kilo to b'ase, vou should move the decimal 
point 3 places to the left. (T-F) ' 



8. , When multiplying numbers written in scientific notation, you should 

add the exponents together. (T-F) 

9, Tlie electrical units milli, micro, mega, and pico represent numbers 
less than zero,*, (T-F) 



10. , Pico has a power of ten equivalent of 10"^, \(T-F) 

'9 I 
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Convert the fbXXowinfi scientific notation expressions to "regular" 
numbers. 

U. 4.S7 X 10? » 

_ , . " ■ 

.12. 7.3 X 10"^ « ^ 

13. 2.S X 10° « . ' ' ' * 



Convert the following "regular" numbers into scientific notation. (Us'e v 
proper f orw) . . ' J- ^ 

14. ' 5^0000 - . • 

* ■ 

15. .0989 - ■ * ' ' - ^ 

16. S5S * ' 



Solve t^e following problems: 

17.^ 1.4 X 10^' ^ 18. fa.5 X IG^ 



X 8.9 X 10-3 . • ..5 X 10-5 



Perform the following conversions. ' 

19, Convert 2500 ohms to kiloh)ns, / ■ _ ' ' . . . '' 

20, • Convert ,005 amps to milliamps, ' 

21, ConVert>450 microvolts to volts, . ' ' ■ 

22, Convert 8^00 picoamps to inicroaraps, 

23, Convert .6 megaohms to ohius, ^ 

24, Convert 20 millivolts to volts, i - 

25, Given the formula; ^ » y >« ^ ^..^ 

Solve for y if A * S and B « 15. 



y - 
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\ pate: 


' - if u 




1 




Period: 







TECHNICAL GLOSSARY ' * . . ^ \' 

The fundaBiental or tptai value* of a nUaher or electrical 
ae^sureBient, i*ritten Vifhout abbreviations or prefixes* 
.For. example I vol t&.y oh as and aoperes afe basic units^ 
while ail li vomits 9 tkLcroasips^^ or kilohms are npt basic 
uiiiti, 3k ohns ^an be expressed as tjie nuDber 30Cra ohas ' 
which as basic yaltie. .' ■ . - 

The process of changing a nuaber' or express ion^from one 
^^fdna into another equivalent fornx Exaaple: convert tlie 
^nuiaber SOOPvinto sciientific notation: .5 «.105, ; 

A dot or point which separates the whole nuober from the 
iteciBal fraction, the location of the decin'al point 
establishes ^hf» value of thes n^ua^er. 

437. S does not equal 43.75.45 , . / -^ecip^l point 

. . . . . . . ■ ^ ■ ■ ■ 

A number placed ttir^^^e right and slightly above another 
nUi^er. The exponent iis often called th^ *7poWer»'* ^d 
indicates how many times a number is to be multiplied by 
itself. Example: 6V ' means- 6 x^ 6 x 6x6- 1296 

.^exponent - * " v 

^A mathematical rule "^r procedure written in the form of 
an equation or mathematical sentence wHich contains an 
equals. (•) sign betweei^the known find unkndwn values., 
'Exampre: £ ■» I x R this' formula ciiplains how to find Jthe« 
value of by multiplying the value of "1" times the 
svalue of "R". 

A prefix meaning 1000 (.thousaipd} ; Abbreviated k. 
Example: 15k means 15000. 

The prefix meaning '1,000,000 (million). Abbreviated M. 
Example: SM means 5^000,000. \^ 

A\ prefix meaning .000001 (miMionths) • . Abbreviated u .. 
Example: 6p means ,00000^.^ ' ' 

The prefix meaning .001 (thousandths). Abbreviated m. ' 
Example: 3b mekns .003. ^* 

A prefix meaning .000000001 (billionths) . Abbreviated n. 
Example: ^ 8n means .000000008. 

The prefix meaning ,000000000001 (millionths cf£ a r , ' 
millionth). Abbreviated p. Example: 4p scans 
.000000000004. ♦ V 

An exponent or power of the number 10 which can be used - 
to abbreviate numbers such as 1.000,000 (10^) or .000001 
(ld"^|^^^^power of ten expression— ^ 

UI-U20-& 
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PREFIX: 



SCIENTIFIC 
NaiATION : 



Date: 
Period: 



A Betrfc term or }ett>r Hbbreviation located Just before 
the electrical unit and used as a short-cut in express- 
ing niuaerical values. ^ There are 5 coauBon electrical 
prefixes, sega^ kilo, aiUi, aicro, and pico. Exaaple: 
7ky,^s^^eqi^^ 

prefix^^''*"""'^^*-^lectrical, uni^ ; . 

' ' ' • 

A aethod of expressing either ve,jry large or very snail . 

I 9.999.,.. times 
equavalent. to the 



nuBbers by using a -nuBber between 1 and 9.999.... tines 
aNpoMer of 10. Example: '2.4 x lO' is equi 



nimbe'r 240,000, 



Remember 
these: 



mega = M 

kilo » k 
basic unit * 

milli = m 

micro = /ul 

nano = n 

pico = p 
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SCORE: 
GRADE: 



WORKSHIiET . 



Name: 



Date: 
Period: 



VOCABULARY.- SCRAftSLiiD WORD PUZZLE 



P 



Unscraiabre the letters below to uncover -the terms* 

... , 

EXAMPLE V . ' . ♦ . , 

\ ■ ..... ^ 

A. AEXEPIlL 

1. LOIK . ' • . • * 



2. AGEM . 

3. ONMA 

« 

4. ILMLI 

5. iRrfco^^v 

6* CPOI 

MOFURAL 
8. SINN'OVRECO 




9. NETPO:^ 

10. lERPXF 

11. SCBIA NUTI 

12. MCIEJ)LA TINOP 

13. IIICCFSTEN TATNNIOO 

14. WOP RE FO NET 



A. I EXAi^^LE' . I 



2-r 



3.[ 



5.[ 



6.[ 



8.[ 



10. [ 



11. [ 



12. [ 



13. [ 



14. [ 



] 



ERIC 
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SCORE : 
GRADE: 



. t-^ORlCSUEET 
SCIENTIFIP NOTATION 



. Naiae: 
Date: 
Period; 



2.{ 



i. In the. nifnber 4^, the "3" is called aii • • • 

2^^ V Whjen using exponents of the number 10, the 

exponent bftgn callied a ■ ', ' ' - 

. X Wha^^'xs the nuESBricai Value of the e^ypressijon Z^f 3. f 

To'Ijc in proper ^orm/ a scientific notation 4A. p 

expression uses a nuiaber between A) and ' ■ 

B) Jiines ten to a power. " \ _ ; . v*^* C 



4. 



5. When converting the ex);>ression 7.6 x lO'-^^ to *a S, £ 
regular number, the decimal point should pe moved 
to the ' three pi ace is 



zn 



□ 



ti 



Convert the follp^^ing numbers, expressed in. scientific notation, into 
"regular" numbers. : ~ n . • " ^ 

2 ■ ' 



7. 
10. 



5 xi 10' 
4.65 X 10"* 
5 X -10"^ 



6 X 10 



0 



3.3 X 10 



-5 



11. 9.5755 x 10^ 



12. 2.125 X 10 



-2 



Figuring Space 



6'. 



■7..C 



8. r 



9. [ 
10. [ 



11. r 



12. [| 



J 



Convert the following "regular" numbers into a propgr scientific notation 
expression. 



13. 
14. 
15. 



300 

650000 
.0083 



16. . .100 . 
1'7. 7 

18. ,000000000012 

19. .0015 

20. 3»6.5 



Figuring Space 



V 



13. [ 

14. [ 

15. [ 

16. [ 

c 

\b. [ 

. ' 19. 



J 



20. [ 



ERIC 
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1 



Nase: 
Date: 



WORKSHEET ^ > / ' 
MUlTIPLi CATION AND DIVISION USING SCI E>1TIFI.C NOTATION 



Cp■plete^ the. followifig pxobleB^. show yeur work, and te cord your 
ill the answer boxes. 



1. 



5 x'lO^ 
X 2 jc 10^ 



Convert to proper 
- form 



3. 



.-3 



3.6 X 10 
X 5 X 10"6 



Convert to proper 
form 



5. 



42 X Id^ 
2 X 103 



Convert to proper 
form 



7. 



2S X 10'^ 
. 4 X 10^ 



Convert to proper 
form \ 



2. 



52 X 10* 



^11 X 10^ . 

Convert to proper 
form / 



4. 



24 X 10 



-12 



x 1.2 X 10^ 



Convert to proper 
form 



6. 



753 X 10^ 



5 X 10 



-3 



Convert to proper 
form 



8. 



I. 56 X 10"^ 
13 X 10"5 



Convert to proper 
form 



1^ 
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4. I 



5.1 



6. 



7. 
8.1 



SCORE: 
GRADE: 



WORKSHEET 



bate : 
Period: 



ELECTRICAL UNITS AiMD CONVERSIOMS 

; ' ' . ♦ , " " . ' . 

Complete the chart below: 



/ 



• 


UNIT 

• ■•• -V ■ >•■- 


ABBREVIATION 


NUMERICAL 
■ I^OWER OF TEN 


' EQUIVALENT 




MEGA 






■ ♦ 




' ■ --k . ■ • ■ • ■ ■ 




BASIC UNIT 






loO 




• .001 










10-6 




' . ■ ' - ■ ■ 


r 




P 

■ U 




* ■■ 



Use this conversion, cliart to help you perform- electrical unit conve 



rsions 




BASIC 
UNIT * 



MfLLI 



MICRO 



f . ' 


- i 


1. . 












It 











NAfJO 



PICO 



X T 



10-11 



m 



X MOVE DECIMAL POINT TO LEFT 
MOVE DECim POINT TO RIGHT 



Perform the following electrical unit conversions. Record your answers 
in the space provided, and in the answer box . 



1. 27,000,000 ohms is the same &s 

2, 1 kilovolt is the same as 



-volts , 



3, 2,000 mi Hi amperes is the same as 
anperes. 

4. .1 ae2ao hBS is the saae as ■ 



me ga ohms , 1 . p" 

2. r 



3.[ 



1 



1 



ohms. 
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► 

Date: 
Period J 



9 aifipeTes is the /Same as ^ 



600 mi Hi V olts is the same as • 

250 roicro a mperes is the same as 
amperes. : / 



850 microv olts is the same as 
volts. 



milli aroperes 
volts. 



itiilii 



• 11*5 amperes is the &aine as ' 
amperes/. . r 

60 kilQ]^h]s'is the same as 



milli- 



90 ohms is the same as . 

49,000 pi CO a mperes is the same as 
laicroy mperes. 

■ % . . ; 

5,000 microvolts is the same as 



f. 

" inegaO hBis 
kilohras. * 



, volts. 



6 kiloh ms is the saute as 
•75 volts is the same as 
Convert 350,0Oan. to kn. 
Convert .OOSA^.to mA. 
Convert .0000 61V to ^V. 
Convert 485,000V to mV. 
Convert 75kA. to a. 
Convert 153mA to yuA. 
Convert 62pV to mV. 
Convert 560jx to kn . 
Convert ISOyuA to A. 
Convert .09V to kV. " 



qhms. 

microvolts 



5.| 

■ 7. 1: 

io. I 

11 •I 
iz. f 

13. I 

7^- [ 

15. [ 

17. 

18. [ 

19. [ 

20. I 

21. [ 
22, 

24. [ 

25. ( 
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GRADE: . 



Date; 
Period : ( 



' WORKSHEET 

J . QUEST ACTIVITY ' ' 

"vUNIT 20" ' , 

.. . ■ , . . • ■ • ■■ : 

REVIEW OF BASIC MATnEMATICAL SKILL S " • 

Do all work in the spaces provided. Show your work, on this paper 
Record your answers in the answer boxes.. 



1. 






15 




.* 28 


t 


37 




> 47 

• 


3. 


— -f 




8,8 ♦ 88 ♦ .8 - 








7. 


4,8 - 3.27 - 







8.* 



Find tlie difference" 
between 632 and 
425.78. 



1 . 1 

2» 



4. 




The 


sum of X and y 


can 


b^ written as: 


A) 




B) 






y > 


C) 


x-y 


D) 


X * y 


E) 


none of these 



3.E 
4. 




5. 

6. 



7. :[ 

8. [ 
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10, 



2«08 
X 2.3 




12, Which one of the fqjlowing statements is txiie? 

Al 6 X 4 - 21,^B) 6 x 0 - ,6 , €) .6 x .4 - 2.4 
D) 6 X 4 - 4 X 6, H) b X 4 « .24/ 



12. I 



In- problems 13'»- 16 write any re Ea in tiers as fractions. 




14. 



8416i8 



IS. 




/9612 




27- 






1 



16. In the division, 6 142 , the number 7 is called 
the: . . 

A) divisor, B) ' dividend, C) quotient, 
U) r.ciiiainder, li} none of these\ 



20. Whi«;h of the following cannot be done? 

0 

^ A) 32 4 0, B) 0 T 14, C) ZlW , 7-, 
/ of these. 



E) all 



13. I 

14. 1 

15. [ 



;6. j 




20. [ 
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Nane: 



Date :. . . 
Period:. 



**In problems 21 - 28 reduce all fractions to i«we/t teros. 



21. 



1 1 ^ 5 



22. ' 



11. 








M - 









28. 



2 5 



21. C 

22. T 




23. [ 

24. [ 



25, [ 



27. [ 

28. [ 




29. [ 
, 30. [ 



3 
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, ■ . . Periods ' / . . ■ . 

INFQKMATIONAL^ilANUOUT 

- SCIENTIFIC NOTATJ ON " ' ' 

Scijsntific noitation is an easy, "short cut" method for expressing very, 
latge or very small numbers containing many zeros to either the right or 
left*of the decimal point, . Numbers such as 100,000 ,000 or V00aooo0025 
can.be easily shortened by writing them in scientific notatioti form. 
Uhen multiplying or dividing with numbers' containing many zeros-, it is ^ 
often difficult to keep track of the zeros' and decimal points in order 4:0 
arrive at a correct answer - jscientific notation can help solve these 
types o£ problems too. *, . - 

Lct*s look at an example of the "power" of scientific notation. \ 
Try this problem: • ' ^ , ; 

15.000,000 X 6,2(K>.O00.0OOs:« 

If you used\£lie standard multiplication method, 'your computations probably 
looketi like yiis : " ; V 

. ' 02000000*00 ^ - 

X ISUUOOOO 
\ 000O005000 . 
\ 0000000000 ' 
\ 0000000000 , 

0000000000 
0000000000- ' . ' 

OOOOOOOOOO , 
31000000000 

. . babooooooo 

\^36O0u5060000aOfi0 . " 

But using scientific notation, your problem would look like this: 

0.2 X 10? 
1.5 X 107 



• f ' 310 • 

62 

- TrSJ!i X 10^^ ' OR 9.3 X 10^^ 

«■ ■ ■ ■ 

0As you can see, scientific notation uses powers of 10 to replace the zeros 

in the "regulSr'l number. Study the charts below, and see if you can find 
the relationship between the exponent of 10, and the decimal number. 
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PQSITIVH POWERS OF 10 



•10*^ - 1 . 

loi - io^^ 
* 10? -.'ioo 

103 - 1,U0Q 
lU* - 10,000 
io5 •100,000 
10^ - 1,000,000 



IjECAtlVE POWERS^F 10 



loO 


m 


n 

ft 


10-1 




.1- 


10-2 


m 


.01 


10-3 






10-4 


m 


•Woi 


10-5 


m 


.00001 


10-6 




•OQuboi 



^Ypu probably discovered that the e.xponent indicates how many places to 
move the decimal point, V^hen using a positive power, the deeiinal point is 
moved to the right, while using a negative power will move the decimal 
point to the left. 

Let's translate this knowledge into understanding scientific notation. 

^Scientific notation, in proper form, uses a number between 1 and i>.y99... 
tiines a power of 10 as shown below: 

2^xlCf 



Number b«tw«en land 8.909... ^Timet a powAroflO 

:|g cbNVbRTING SCIEl^TIFie NOTATION INTO "SHQULAU" NUMBERS 

Using your knowledge of powers of ten it should be fairly simple to 
translate scientific notation into a "regular" number. For example: 



"reguli 

2.5 X 10-' is the same as 2500^ Recall 10^ 
places to the right. 



means move the decimal 3 



A- 

(Scientific^ 



Rules* (Scientific' notation to a regular" number) 

If the scientific nptation expression has a positive 
I exponent, move the decimal point to the right the 
same number of places as the exponent. 

' Example: 



3 X 104 . 2^,^ or 30000 



ERIC 



UI-U20^i7 49(^ 



Nane: 
* Date : 
Period: 



_ I£ the scientific notation expression has a negative 
2,®^P®^®^^» the deciraal point to the left the same 
"number of places as the exponent. 

. Example : * ' 

:te CO;NVERTIRC REGULAR NUKBERS INTO SCIEN^FIC NOTATION EXPRUSSIOIjS 

, ■ . " ■■■ - ' ■ ■■ " ' , ■ ' ■ , 

, Converting a nimber such as ^61000 into scientific notation is a fairly 
siuipie job if vou remember the basic form of a scientific notation nura>»er': 

NumlMr b«twMfl 1 arKi 9.9!99... ' Times ten toa pov^ ^ 



That is, a number between^l^^d 9, .999./, times ten to a power; (the power 
can be either positive o^j^HKive) . 



#Th]uSg when cisnVertihg to scientific notation, move the decimal point, of 
thie original number until you get a number betitfeen 1 and 9,9-9iJ.... 
Count the number of places you moved the decimal - this number, will be 
ySuT. exponent, v 

. . ■ ■ " ' ■'■[■■ 

61000, 1). BOgin at the decimaKpoint. • 

I ^l^^^jPlcV Move decimal po\nt to he-re , 

* ! i; f^^^-^^^ r (number between 1 and 9l9*J9...) 

and count places moved. 



3) IVYite. in. scientific notation 
form. (Drop extra zero^ ; 
.exponent is equal to the number 
of decimal places moved). 



JJ^Ujggl* (Jhegulaif* number to scientific notation) 

If the original 'number is ^greater than 1, then move 
the decimal point to the left until you have a number 
between 1 and 10. The exponent of ten is equal to' the 

1 number of places the decimal point is moved and is 
■ given, a p.ositive sign. 

Example: Convert 5600 to scientific notation 
5600 - S^^Q^' 5;6 x'lO^ 
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Name: 

■s 

Date : 
Period; 
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If the 'original nuinber is less than I ^ ^heii^move the 
decimal point to the right until you have, a luimber, 
2, l>etween l \and' 10,- The-exiloneht of .ten is e«iual. to - 
the number of places the decimal point is fibved and is 
aiven, a negative sirji . '■■:■/.-.■ 'S 

ExsHpple: - Convert .00034^ to scientific notatidnv 



OOOir^ M)3>4 » 3.4' i 10-:^ 



♦ MULTIPLICATION USING SCIENTI FI€ NOTATION 



Usi^ scientific notation vfheh liultiplyin^ or tJividinc greatly simplifies 
the job since you do ni^t have tc^lc.eep tr^ck of zeros or the ntiober of 
decimal places ; plus its easy. * ^. 

Look at this example and see if *you can catdi what is hieing done: 

xlO* 

►That^s it.^ to multiply usiiig scientific notation simply raull^iply the v 
'•numbers" together and add t)ie exponcii.ts., (Watch, the signs 6f the 
exponents). ^ 




Here are some other examples: 



4 



A) 3 x 104 

x 7 3^ IP'S 
21 x 10^ 

OR 

t 

, C2.1 i 10^) f 



3) 2 xlO-2 

X 8 X' 10 • I . 
' 16 X 10'^ 

' OR 
^(1.6 X 



C) 4.1 X 10-6 
X S>x 10* 



20.5 X 10 
OR 



-2 



(•2.05 X 10"^) 



:ieDi VISION usinq scientific notation 



Dividing using scientific notation* is almost as simple." See if you can 
figure out the system l?y studying this example. 



8 X 10^ 
2W 



= 4x 10^ 
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^1 



Name: 
• Date : 
Peri ad: 



Did you understand that one? To diviSe, write the expressions as a 
fraction. Divide the numbers as you nonnally would y then change the sign 
of the exponent on the -bottom, and add it fp the exponent on the top. 



Here ate^some more exsmp^^^^ 
A} ' IS yx^lO^ /IS 



tt) 14 x 10 

7 X 10.-" 

It 

C) 25 X 10^ 

5 X 10* 



U) 36 X 10 



4 X 10 




5.x 10' 



-2 X 10 



-5 



• 5 X 10 



9 X 10 



.... 



-2 



1 . 

J. 



■i 




ir 
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Name: 

* ■ 

Date: 
Period: 



iNFGRMATIONAL HANDOUT 



CONVERSION OF ELECTRICAL UIUTS 



There are six common prefixes or subunits used with electrical measurements. 
These units, (mega, kilo, milli,' micro, nano, and pico) provide a'simpie 
method for expressing very large or very small numbers without having to 
use scientific notation. Study the chart below an<3 learn the meaning and 
relationship between the various units, 
■ • ' • POWER 

OP 10 , NUM3ERICAL 
PREFIX AI^BREVIATIOi^ EQUIVALENT VALUE 



' Mega 




M • 


10^ 




1,000,000 


Kilo 




k 


i03 




1,000 


Basic 


Unit '(volts , amps , ohms , 


etc.) 10° 






Mi Hi 




V 


10 '3 




.001 


Micro 






10-6 




.000001 


iNario 


t 


n 


10"^ 




.000000001 


Pico 




P- - 


10-12 • ^ 




.OOOOOOUPOOOl 


Tlius ; , 


IM 


is equal to 1 x 10^ 


or 1,000.000'. 








2kV 


is the same as 2 x 


lO^V or 2.000V. 








3mA 


can be written as 3 


x lO'^A or ..OO^A. 




• 




4aiV 


is equal to- 4 x 10" 


^V or. „00O0O.4V. 




1 ' " ' 

0 

% 




SnA 


is the same as 5 x 


lO-^A oV .000000005A, 





6pV can be w.ritten as 6 x lO'^^V or . 0^0000,000 006 V . 

Often» times it is necessary to convert from one electrical unit to another, 
especially when working with basic electrical formulas which require the 
electrical quantities tb be in basic unit . or similar units (all in miUi, 
micro, -etc.) . ' 



1 
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Date: 
Period: 



^ ■ ' ■ ' . ■ • 

How would you convert 3kV to basic unit, or volts? Well, -if you. recall • 
that kilo means thousand or lO^, thei^ it»s easy to see that 3kV « 3 x lO^ 
volts or 3000V. So actually, all that was done -to convert from kilo to 
base was to move the decimal point 3 places to the right C^V * 3 « 
3000V). Likewise, if you are asked to cliangc 3000V to kilo voitsYalTT 
that need be. done is to move tJ^e decimaJ point 3 places to the left, 
(3000V « 3,,;^^ . ,3kV) . s , 

Thus, the process. of converting from one electrical unit to another simply 
involves moving, the decimal point to the left or to the right a certain - 
number of places. • « 

ITie cha*rt below can^ be used as an aid in perforiaing electrical unit - 
conversions; Noticfe that between each unit there are three decimal places . 

CONVERSION GilAUT: 



MEGA 



I'O' 



KILO 



BASIC 

mil 



MILL I 



10 



MICRO 



10 



-3 



10 



M 



. PICO 



-6 



10 



10 



-12( 



m 



n 



MOVli bilClMAL Pmirr to L1!PT 



MOVE DHCiMAL P'6L>}T TO RIfflIT 




ERIC 



Steps in .using the conversion cnart: * ^ 

When converting from one unit to another: 

* ' #• 

1) Count the number of decimal places from the "original" unit 
to the "desired" unit. (Remember, there are 3 decimal places 
between each unit), " ^ " 

2) Determine the direction the decimal point will move. The 
decimal point will be moved in the same direction that you 
read across the chart, from your original unit to your final 
unit . For example, if you are converting from kilo to milli 
the decimal point will be moved to the rigJit, but it you were 
converting from micro to basic unit the decimal point will be 
moved to the left, ' 

3) Move the decimal point the number of places counted in step 1, 
and in the direction determined' in step 2. 
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; . Date: 



I Period: 



■J 

. SAMPLE CQNVET^SIONS ; . . . ^ 

A, "2SD00 ohns is the S^we as ' kilohms," ' 

The question is askingvXOu to convert 25000 ohnis ( basic unit ) to- 
kilohns ( kilo) , Looking at the chart; count the number oi uecinal 
places between basic unit and kilo. You should have come up with 
3 decinal places. When counting, you started at " basic unit" , and 
moved to kilo > which took you to the leCt across tile chart; thus, 
you will move the decimal point to the' left. With this information 
let's^coJiipiete the conversion - - - ' 

25000A • 25,^g0g^ » 2Sk/v / , : . ' . 

- B. "Convert ;D07A to n A" 

Procedure: Move trom basic unit (A) to milii which is 3 places to 
the rifih^t across the chart. Thus: ..00.7A - ^QSaU * 7mA . 

' ' ' „ . • . * ■ ' 

C. "Convert. 4 . iuV to . k V" , *^ 

, Procedure: ilove trom m to k across thd chart, which is 9 decimal 
places to the left. Thus: 4«^^V - 3 «» .60 00 0 OOP 4 3k V . 
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Perioci: 

INFOl»iATIONAL IIA.NU01JT ' .- 



INTRODUCTION TO MATHEMATICAL ^ORMULAS 

10 + z 



The statement above is a mathematical formula. It tells how to obtain 
a. desired result from k mixture of numbers and terms, 

|You nigh^t think of a formula as a mathematical recijpe. That is, by • 
properly combining different ingredients together (numbers,, operations , or 
variables) you will arrive at the desired result - a correct answer. 

|A formula then, .tolls you what to do a mathematical formula, tells you 
for example, when to add, subtract, multiply or divide. 

Formulas can be simple statements such as 'y ■ iO +,6 (which means to find ' 
,the value of y, add 10 and 6)' or veiv complex expressions sudi as 
R - 7A2 + 6A - 10 (meaning to find the value of R; first square the value 
of A, multiply that by^7, add the result to 6 times' A, and fijially subtract 
10), 

Whether a foriaula is simple or complex they have many things in common: 

1) Unknown value ; Generally abbreviated w-ith a letter, 
and located by itself on the left side of the equal 
sign. ^This is the value you are trying to find. 

y triable ; A number, also abbreviated as a -letter, 
0 but located on the right side of the equal' sign, A 
variable can be assigned many different values. 

* " ■ 

Constant ; A number wifh a fixed value., 

Matjicmatic'al Function ; Tlie mathematical operation ^ 
to be pcrtotmcci, such as multiplication, division, 
'addition, oi^ subtraction. 

. ^ j>.conftant 




EXAMPLE ; 



unknown valu«-^ / '"■**^*('J3^iffoy"^*^**°" 

variable 



J mati 
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USING MATHEMATICAL FORMUIAS ; ' 

Study the sample problems below, they will explain how to use a sinplje 
formula. 

■ . " ■ ^ 

1. Solve for "H" in the formula below, given that y • G.' 

• - » 

R * 4 * y St^p 1,, Substitute the*"fiiven" value of y into the 

* ' formula, 

, Step 2. Perform the mathematical function - addition 

Step 3, Record the .solution. 



2., Solve for "Q" in the formula belot^, given that S - 10 and D - S*. 

• », • • • 

Q * 2 X S ♦ D Step 1, Substitute the, given values of "S" "and "D" 

into the formula. 
Q - 2 X 1£ ♦ 5_ • 

Stop 2, Perform the multiplication. 
Q - 2p ♦ S I 




Q - 25 ' 

Q - QO 



Step 3. Perform the addition. 
Step 4. Record the solution. 



*Try this one *on your owj^ ' 

3. ^Solve for "E" in^ the formula below, giyeri that I - 5 and R • 100 

£ « I X H Step 1, . - ■ . 



E • .. '■_ 

e^r~l Step 2. 



Step 3. 



ANSWER: 
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1 



T F 

A BCD 




7- 
«. 

9. 
10. 
11. 
12. 
13. 
14. 

iS. 
10. 
17. 
Itt. 

• # ■ 

19. 
20. 
21. 
22, 
23. 
24, 
25. 



15 J 1 ids 



457 



{ I I 



.0073 



8^9 X 10-3 



s.ts X io2 



i.lTtlo^ 



1. 



Z.SK ohns 
5 sA 



.00045V 



.0089>fA 



^otoo'On 



I— fc-f 



A BO D 



Date: 
Period: 



26. 

2'7. 

28. 
29. 
30. 
31. 
32. 
33. 

34. 

35. 
30. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
40. 
■47. 
48. 
49. 
50. 



ABC D 



51. 
52, 

53. 
54. 
55. 

56. 

57. 

r 
5iJ. 

59. 

60. 

t)l. 

62. 

63. 

64, 
165. 
66 , 
67. 
68. 
69. 
70. 
71. 
11, 
73. 
74. 
75, 





























4 















































































































































































T F 

A B C D 



76. 
77. 
78. 
79. 

80. 
81. 
82. 
83. 

84. 
85. 
86. 

87. 
88. 

89. 
90. 
91. 
92. 
93, 
94. 
95. 
96. 
97. 
98. 
99. 
100. 





N 








































4 






























































• 




























































































0^ 





*3how work for problems on back of answer shpet 
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ANSWER 4C£Y 
UNIT 20 



1 



if*- I t 



C. 



A. SCRAWLED WORD PUZZLE 

• '"l. kilo , 
2. sega 
3* nano 
4. Willi 

5« micro ^ 

6. 'pico ^ 

7. loraula 

8« * conversion 
9« exponent 

10. prefix 

11, basic unit 

12 • deciaal point 

13. scientific notation 

14* power of ten 



D. ELECTRICAL UNITS AND CONVERSIONS 



b/ scientific notation. 



1. 

3. \ 
4 A. 
4B« 

5, 

6. 

7. 

8. 

9. 
10. 
11. 
12. 

p. 
14. 
15. 
16. 
17. 
18. 
19. 
20.. 



exponent 
|ower of ten 

1 

9.999. 

left 

500 

46500 

.005 

6' 

•000033 
9575.5 
.02125 
3 X 
6.5 



8.3 
1 X 
7 X 
1.2 
1.5 



X IqS, 
X lQ-3 
10-1 

100, 

X 10-ii 

X 10"^, 



3.865 X 10' 



multiplication and divi ion 
using scientific notation 



1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 



1 X 10*> ,^ 
5.72 X iOjO 
1.8 X 10-8_ 
2.88 X lQ-5 
2.1 X 103. 



10 



8 



2.51 X ^- 
6.25 X 10-1* 
1.2 X 10-* 



1 



1. 27 

2. 1000 . 

3. 2 

4' 100,000 

5. 9000 t 

6. .6 \ 

7. .00025 

8. .85 

9. 115 

10. .06 

11. .09 

12. .0O00O0O62mV 

13. .005 

14. 6000 

15. - 750,000 

16. 350 k 

17. 5 inA 

18. 61/,V* 

19. '485,000,000 bV 

20. 75,000 ohas 
^1. 153,000 A A 

22. .000062 bV 

23. .56 k ohms 

24. .00015 A • 

25. .00009 kV 



E. QUEST ACTIVITY 



1. 
2. 
3. 
4. 
5. 
6. 
7. 



127 

393.11 
105.6 
D 

4241 

2289 
1.53 



8. V206.22 



: \4 



453 



10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21, 
22. 
23. 



4.784 
342;9 

D ' 
236 3/47 
1052 
356 
C 

*.23 
200 

2S * 
A 

6/8 



or 3/4 



5 41/64 
5/64 . 
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24« 16 39/64 

25. XO/24 or 5/12 

26. 3 29/32 

27. ;4/24 or 1/6 

28. ^2 58/69 

29. 64 

30. 13 



ANSWER KEY UNIT 20 

(continued) ^ 1 



J 
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ELECTRICITY / ELECTRONICS 

CURRICULUM GUIDE 
INSTRUCTIONAL MODULE 




STATE OF CALIFORNIA 
DEPARTMENT OF EDUCATION 



NAME. 



DATE STARTED_^ 
DATE COMPLETED. 



ERIC 



BY 

R. E. LILLO 
N. S. SOFFIOTTO 



STATE ELliCllUClTY/liLi-CtROHlCS CURRICULUM CUIUU 
INSTRUCTOR'S CUIDH TO ACCOMPANY LEVEL 11 UNIT •|21 

, ■■ii l lii-ii - i- 11 ■ I > V" :^ m ...^.mtmm, i i — ,1^1111 m , _ ■ 

Title of Unit ; Comiuni cation Syste»s J ' 

Time Allocation ; 2 weeks 
Unit Coal ; 

To schieve student competence in perceiving a general overview of the 
importance and purpose of basic coBBunication systems • 

Unit Objectives ; 

The student will bo able to: 

^ 1. explain the necessity for early man's desire to comaunicate 
* with others, and describe a variety of ancient long distance 
coaminication systems. * 

2. identify nine fundamental communication systems and brie€ly 
indicate the general method of operation. 

3. Summarize the sequence of elements or processes that are ii),yoIved 
in any basic coamunication system. ^ \ . 

Evaluation : 

The student will denonstrate his/her competence in terms of these ' 
measurable objectives based upon individual instructors acceptable per- 
formance criteria » which many utilize a combination of written, oral, and 
laboratory Resting procedures. ■ ■ . \ 

' Instructor References ; * r 

Electronic Conmuni cation . Robert L. Shrader, McGraw-Hill Book Co., 1975. 
Chapters: 16-20, 24-28, and 33* 

Exploring Electricity Electronics With the Electrical Team . Philip J. 
Kol lain and Thomas £. Kraus, Delmar Publishers, Iii78. Unit: 23. 

Understanding Electricity and Electronics . Peter Buban and Marshall L. 
iicniBitt, MCGraw-Hiil Book Co., 197S. Units: 36-43, 

Overview ; . , . 

Unit 21 is presented as the last technical junit of this level, and ' 
its main purpose is to be informative. In depth technical topic coverage 
which may not be presented in this unit is dedicated for presentation at _ 
a more appropriate time conceptionally. ^ 
Preface the individual system topics with an overview on the evolution 
of 'conmunication. Then , present the essential components that are in the 
communication proceiss. ^is would include the message source, coder, carry 
decoder, and message destination. 

, Next, work through each topic title in the unit and deliver a brief 
explanation of that system's operation,, and note^that these topics should 
be covered in- a manner that will promote general technical understanding. 

A variety, of appropriate exercises and laboratory experiments and/or 
projects should be coordinated with all unit topics when feasible. 

er|c 421 
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:mfigested Presentation liints/MethodoXogy ; ' 

Follow the instructional aodule unit outline as a basic skejeton 
for curriculuB presentation, however » note the ftil^owing: 



*> !• This unit was also included to provide st^judent motivation to 

continue their studies, so do not bear down excessively in terns 
of technical specifics, but instead stress concepts with enphasi; 
on the appli^cation of each type of communication system. 
2. When discussing the first long distance communication system 
(telegraph) it might be helpful to relate its operation in 
relationship to the elements contained in any communication 
system. (Mess age -source, key- coder, wire-carry, sounder-decoder* 
and operator-destination) use this technique for each system 
topic discussed. 

3* This unit provides an ideal time to^ explain the purpose of the 
Federal Communication Commission (FCC). Relate' that this is a 
governmental agency that regulates all U.S.A. "wave" trans- 
mission. Have the class explain why such an agency might 
be necessary. 

4. The topic of computer as a system within the chain of communipa- 
V tion devices is obvious* However, present these additional 

discussion areas and some interesting conversations will ensue: - 
\ People communicating with computers 

^ Computers communicatiing with people 

Computers communicatxiig with other computers 

Supplemental Activities and Demonstrations ; 

1. Write the National Aeronautics and Space Administration (NASA) . 
NASA educational and informational publications. 

systems are designed to meet the needs of both students and 
educators. A listing of their materials and cost can be ordered 
from: / - 

Superintendent of Documents ^ 
- U.S, Government Printing Office- 
Wahington, D.C* 20402 

2. Have students make a poster depicting one or more of the communi 
cation systems discussed. Display the posters, 

3. Emphasize that interference can disrupt even the most sophisti- 
cated communication system. Place a buzzer close to a TV and 
activate both shile observing the TV screen, then discuss, 

* ' 
Instructional Module Contents: 

1. Unit Outline (overhead) 

2. Pre-Post Test (keyed) 

3. Technical Glossary 

4. Worksheet (vocabulary) - Know Your Definitions 
.5. Worksheet - Communication Systems 

6. Quest Activities 

7. Informational Handout (Communication Systems) 

8. Unit Module Answer Keys 
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XXIt Communication. Systems ' / - 

A, ^Evolution o-f Communication Systems 



B» Telegraph 
C. • Telephone 



D. Eadio 



E. Television 



F . Radar 



G* Microwave 



HV Satellites 



!• Lasers 



J. Computers 



*3 -v. 



V 
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* v . ' COMMUNICATION SySfE^4S 



■ ■ 1... 



IMPORTANT-,. , ^ 

Indicate youi:^ response*! on the ansWeT sKfeet only *. Fi 1 1 in 
\ the box coTTesponding to the correct tfnsMcr toeach question - 
> ;f there is onl^f one 4orrec^ anSWer for ;©^ch q\iies|ion. 



!• ;The person *S*ho begins the coaiiunicatipn' ptoces^ or system is GaUe^ 
; the message: of infp^raatiorial.sourjce. (T'-F)/ ^ 

^ ■ ' " ■ ■ ■ 4 ■ ■ * ' ".• ^' ■ . ' ■ ■ • • ■ .. • 

-■■^ ^- ' • * • ■ , ' ' . .... ^ • ■ . 

2« ^the^e ire five basic parta or eieaents of a coasimicatioh aiyste». 

* ' . * . ■ ^ ' ■ " ' ' ' • "* ■ » 

\> • " 'i ' ■ ^ ■ ■* , ' • ^ 

%. A telegraph kfey is a coBiiuni<»tion 'de^^ that translates electric^ • 



|>ulsef into ■echatii cal Attion* {T-^f ) 



4, A teJLevision teceiver is a tiommmii cation deviice i;n which visual 
ina^i^s are translated int^? electric current, (r-F). 



^.'^ The iiecoding element of a coBounicafion systen changes data or 

information into a forn that is Beahingfui to the ne^^sage destination> 
usir. "(T-F) ■> ' ''. ' 



6.* An audio reproducer iS; the technical name for a microphone, (T-F) 



7, V, Zw<irykin, , ah American physicist i was one of the deviiioper^ of 
the television communication system,; (T-F) , > 

8. A hous^ antenna is a very important eleaertit in a cable television 
., receiver system. (T-F) ' ■:' ■■ ^-^ ■ ^- 



9. The letters P%C.C. are an abbreviatipn for i noncommercial radio 
station in Washilhgton D,C, iff¥)^ ; 



f 
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I0« A radtr fystes will transmit 4 ign&ls that can strike an object 
and bounce off%' thus creating a. receivable echo, {T*F) 



II, How many transmitters are utilized in a television broadcasting 
station* 

(A) 1, .Cfi?) 2, (C) 3,^ (D) 4. ^ 



12, A laser beam is usually considered a brilliant-red beam of 



(A) "electromagnetic* CB) infrared, (€} coherent, (D) incoh^i^^'ent* 



13. The stage of a computer holtis information for fistur^ 

processing. 

(A) storage, (6) logic, . (C) control, (D) output. . ' 



14. Radio waves will t^ravel at . and they travel in every 
dirrection from aii antenha. ^ 
(A) the speed of sound:, (B) about SO to 200 m.p'.h., (C) '600,000 
-hertx,^ (0), 186,000 m^p.s." • * . 



15. , The fdrsj satellite wis launched by the Russians and called ' 
(AX "Beatnik", (B) "Spaceniki', (€) "Sputnik", (D) "FirstniFTT 



16.* When a television transmitter and receiver are locked in step, the 
phrase which expresses this is; "they are ." 




17.' Satellites generally- generate their pwn operating power from 

, ^ energy, however, power demands are not rea^^lly that great 
because the ground radio receiving stations are now so sensit^ive and 
accurate that only a small signal need be transmitted. 



18. ' Two of the bum w senses used in 'the com'munications process between 
• peo]^le are speaking and ■ - 

19... In telegraph communication, the process of attaching^meaniiig to dots 
and dashes heard from the decoder element is the function; of the 
element. 



20, • ■ . ' commercial broadcast stations operate, on a band of 

Q frequencies from 535 kHz. to 1605 kHz. 
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TEamiCAL CLOSSARY 



Dtte:' 

Period: 



A device, aade up of a pattern of wires or conducting 
rods, used to either aend Cradiate) or pick -«p (receive) 
radio waves. , *' 

The Be diuB or device used to nove .or carry information 
from one location to another. . In a radio systen, for 



example, the "carry" 
radio. waves. 



is high frequency AC waves or 



A device or circuit used to shape or convert infornation 
into the proper form for transmission. 

■ ■ *" ' • • . ♦ ■ , 

■ • ■ , , ■ ■ : • 

The process of sending (tvansmitting) and acquiring 
(receiving) understandable information. 

An electric .device able to accept information, process 
oV work on that information and simply data or results. 
A computer usually consists of an input, and output device, 
storage, or memory circuits, arithmetic/ logic units, and 
a control unit. • 

A tersi used- to describe information, facts or figures. 

■ /, ■ ' ■ r . 

A device of circuit used to separate the "information" 
from the "carry" of a transmitted signal. The decoder 
rei^roduces the original mess&ge. 

The process of separating the* "intellegenCe or information 
from the "carry" in a communication system. 

The facts, data, programming, or intellegence added' to the 
carry to make up a transmitted signal. 

* ' ' ' • 

An electronic device which emits a tight beam of light 
that is extremely in tens,e and highly directional. Lasers 
can be used to cut materials, align items in a straight 
line, measure distances, and communicate. 

: ■ ■ ■ • .! ■ • • : • ^ 

Extremely short length, lUtra high frequency radio wave 
whith travels at the speed of light and in a straight 
Xine^ Microwaves can be used to carry inlormAtion^ as 
well as to heat and cook food. 

^® process of mixing the "intellegence or informatidn" 
with the "carry" in preparation for transmission. ' 

A transmission System using bursts of high frequency 
eleictrical energy at a set frequency, duration, ''and 
direction. If the projected wave strikes an object an 
"echo" is sent back which is used to determine the 
location and distance 'of tho object. 
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Niuio: 
- Date: 
Period: 



A cosaunicatlon systen using radio waves of a set 
frequency to^ carry inforaation from the transaitter to an 
antenna, through the air 4*aves to a receiving antenna, and 
finally to the receiver and listener. Radio was the 
first wireless coBBunication systea able to transait and > 
receive voice signals, . , 

^Hdgh frequency electrical energy capable of^raveling . 
Iteat distances through the air. and also able to carry 
inforaation. Radio frequency (RF) waves range froa 
20^000 cycles per second to 30,000,000,00& cycles per 
second. ' 

An autoaated spacecraft able to perforn specific^obs 
while orbiting around the earth. Basically, Satellites 
are able to gather inforaation, process that inforaati on, 
and transait and receive data; ' 

The process of tiaing or setting two oi" aore actions to 
occur at the saae instant. For exajsple, in a. television 
^systea the sound and picture 'signals aust be in sync to 
coordinate voice and aouth aoveaents or sound witn 
actions. ^ 

An early coaauni cation systea using a wire to carry 
electrical pulses froa one location to another. A ^key" 
'is used to produce and transait a series of pulses (dots 
and dashes) which are received and reproduced. by £ 
"sounder." The operator «ust then translate the coded, 
message into understandable ^language. . < • 

A practicle coaaunication systea able to transait and t 
receive voice and sound signals by aean's of electrical 
iapluses traveling through iivterconnecting wires. The 
transaitting dfvice is a aicroph one located in the aouth^ 
piece of the hand set, while the receixdng device consists 
of a vibrating di<taphragn located in' the earpiece. ^ 

Generally, a wireless coanunicatien system which is 
capable of transmitting simultaneously, video (picture) 
and audio (sound) signals on a radio wave carry. When the 
TV signal is captured by the receiving antenna and fed 
to the receiver, it is converted back to visual pictures 
with synchronize^ sound. 
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SCORE: 
GRADE: 



WORKSHEET. 



Date: 
Period: 



V0C4PULARir - KNOW YOUR DEFINITIONS 



Below you will find short definitions for a nuiiber of electrical terms, ' 
Your job is to find the tena that best fits the definition^ If you're * 
^.■aginative you light refer to your technical glossary. 



DEFINITION , 



EXAMPLE: 



i. 



A. The basic unit for neasuring current. 

YOUR TURN ; \ 

1. The process of transmitting and i^ceiving 
understandable information. 

2. A device or circuit used to separate the inform- 
ation from the signal carry. 

3- A system using bursts of electrical energy to 
^ ^ determine location and distance of an object. 

4. High frequency electrical energy capable of carry- 
ing information through the air great distances. 

5. *\ system of communication using both video and 

audio signals carried by radio waves. 

f • . ■ ■ * " 

6. The process of timing two actions to occur at the 
same instant. . 

7. The medium or device used to move information from 
one location to another. 

8. The process of mixing the signal information with 
the carry. • » 

9. A device which produces an extremely intense, 
highly directional, tight beam of lights. 



A. [ 



1- r 



2.[ 



4.[ 



S. [ 

6.1: 



8.[ 



9- L 



10. A comauni cation system capable of sending inform - 10. T 
ation over a wire in the form of electrical pulses 
^ (dots- and dashes}^ ' 



11. The facts, data, progra.ing or intellegence added 11, f 
to the carry. ' 



12. Extremely shorty ultrahigh frequency radio waves. iz. f 
which travel at the speed of light and in a ^ 
straight line. 



TERM 



AMPERE ' 



Zl 



J' 
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SCORE t 




GRADE: 


• 



WORKSHEET 
COMMUNICATION SYSTEMS 



Date : 

Period: 



CoMiunicttion playi a vital role In oirir existence. The systeas developed 
to transait inforaation froa person to person are consistently being ia- 
proved, aodified^ or replaced with a aore efficient process* Modern day 
coaaunicetion systeas eaploy techniques such as radio weve, aicrowave, 
and laser-light heaa transaission. Below is the beginning of a description 
on coaaunication systeas Which you are to coiv^lete and docuaent. Follow 
the exaaple given below and incl3til^ a sketch or a block diagraa "of each 
sys tea when possible along with the coaaunication sysba eieiMnts. 



[aI Telegraph Systea- 
(Exaaple) 





I — — Systea.and Inventors (s) 



Facts 



- Basic Operation: 



Source : 
Coder: 



Connunication- 
ystea Eleaents Message Carrier: 



Decoder: 

« 

Message Destination: 



Telegraph systea patented 1843 by 
Saauel Morse* t 

Hand operated switch (key) controls 
pulses of current (dots and -dashes) 
which are assigned alphanuaeric afaan< 
ing. 

Message content • 
Telegraph key. 
Wire/electricity. 
Telegraph sounder. 

Etectrical pulses converted to sound 
waves and received by huaan ear and 
translated by brain applying Morse 
Code knowledge (person receiving) . 



V 
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BJ Rtdar Systen: 



Period: 



Source : 

Coder: 

Carrier: 

Decoder: 

Destination: 



FACTS: 



\ 



I C I Laser Systea* 



Source: 




FACTS : 




Coders 






Carrier 








Decoder: 








Destination:.' 










o 
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gj Television Systea 



.j:. ^ _ X.. 



Ni»e: 
Date : 

Period: 



Source: 
Codors 
Carrier: 
Decbder: > 
Destination: 


— ^ 


1 . ■ • ■ 
*■ 


FAaS: 

y 














Ej^lficrowave Sfy^stem* 



4 # 




Source : 

Coder: 

Carrier: 

Decoder: 

IS^tination: 



FACTS: 
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SCORE: 









Uti Uzing the ^ 
biographical ^lu«s 
below, identify 
this individual. 
Your school library 
or lust an Encyclo- 
l^edia can serve as 
an inportant — - 
resource • 



mORKSHEET 
QUEST ACTIVITY 



Na«e: 
Date: 

Period: 



? 

r/ 



Fill in the na»es of the 
books used to solve this 
"Quest Activity": 



3. 



1 1 



Who ^ 



'HO lf\M ... 



I Moved to the U.S.A« in 1920 
) Developed the iconoscope tube 

Bom in 1889 ^ / 

Physicist 

Worked for RCA. 

Attended Petrograd Institute 
of Technology 

pioneer in the discovery of TV 



Worked for Westinghouse 

Inventor/Engineer 

Assisted in the Oeyelopment of 
the "Electron Microscope" 

Holds over 120 patents 

Received the National Medal of 
Science Award 

Raised in Russia 
Created the Kinescope 
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' t • Date : 

.Period: 

INFORMATIONAL HANDOUT 
COMMUNICATION. SYSTEMS 



BACKGROUND; 




fil^Vtl cat ion we cannot is urvive. A baby aust co»iunicate its need 

for air, foodj etc. fro» the aonent it eets life 

there begins a fantastic^ocess requiring cowaimication at every step. 



ICowBunicaUpn: the process of giving and receiving inforBation. 
••Con-aunio" (Latin word) - . ~ ' , 

* » t o transait inforaation. 



I 



f Parts of a coBBuni cation system. 



info ./boss age 
source 



Idea 




coder 



carry 



Method of 
transaission 




Fora for 

sending inforaation 



Proper ol^ject 
Reproduces receives aessage 

-original 
aessage 



EARLY HISTORY ; " . * 

Cave dwellers felt the peed to coaaunicate ali^ist iaaediately and soae 
early systeas, for coamunication were grunts and gestures. People joined ^ 
together and forrod tribes and coaauni ties and again they had to- develop 
sounds (language)* Many years passed before coamunication systems were 
able to tTAhsait over great distances. 

TELEGRAPH ; 

Opened the door for long distance coamunication. Saauel Morse 
in 1835 invented the telegraph which is a method of sending and receiving 
aessages by pulses (dots and dashes). The operator touches rhythmically, 
a device called a key, and then an electrical wire transmits the pulses to 
a sounder which click* in the saae Banner.; The clicks (dots and dashes) 
correspond to a s^jecific code that represents letters froa the alphabet. 
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V 



Hi 
Date: 
Period: 



1^' 



JCEY 



SOUNDER 





TELEPHONE ; 

This: system is used by the average person generally on a daily basis. It 
was invented by Alexander G. Bell and he patented the telephone in 1876, 
A telephone is simply a transmitter C»outhpiece) connected to a Teceiver * 
(earpiece) .by electrical wires. Specifically, sound causes a diaphragm 
to compress small carbon particles in the mouthpiece. Then the varying 
pressure controls and electricity to an electromagnet in the earpiece. This 
electromagnet causes the earpiece diaphragm to viti rate and in turn we hear 
a voice that sounds just like that person 










1 


1 





2iv 



Telephone 
Exchange 




. RADIO ; 

* ■ ■ • . 

During the early 1900 's various kinds of vacuum tubes that could be used to 
detect and amplify radio signals were created. The development of such y. 
tubes led to the invention of radio equipment for transmitting and receivim 1 
sound. Most electronic people give credit tQ_ Reginald Fessenaen of thie ^ — 
U,S,A« for the first {;adio broadcast. 

The radio transmitter made it possible to send' the information with the aid 
of an antenna tower. The radio wave travels through the air where the 
signal is picked up by a radio receiver. 

Other radio communication systems would include FM^ and stereophonic 
systems. 
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/ 



Microphone 
turce 





TELEVISI(»1: 



Aaplifier 



AM Receiver 



A svsten of comouni cation which cosO^ines the seinding and rebeivine of sound 
(audio) and imagC (video) signals. Vladair Zworykfn, John Tiird? Chat les 
Jenkins and others ate credited with its developaen^ in the 19«)'$. 

Most pictures and sounds received by a television set are beaned from a 
*e}?vision station (caoera. Studio, equipoent, etc.) on electronic signals 
called "electromagnetic waves." The television set converts these waves 
back into pictures and-sounds. , 



4 



ViMO 
AMMiiil 




iflANMiiftlt 







X7 



AND STMC« 



D 



.MICROMIONI 



MfHO 










TlAMMITTfR 



\ 11// 
V' 




Timii 









SCAMNINO 
AMD tTNCl 













AMPLfflit 







TV TRANSMITTER 
RADAR: 



TV RECEIVER 



ERIC 



This systen is utilized in navigational work and in detection of objects at 
a distance. 

The discovery of the radar concept is attributed to L.C. Yojmd and A.H, 
Taylor, in 1922. A siaple radar system consist o£Ai aiii»d antenna which 
transmits radio signals.' TheW signals will hit aiFobject and "bounce off 
creating an echo. This echo will be received and cause a tiny blip to 
appear on aC.R.T. screen. The direction, altitude, and distance of the 
object from the radar station "ti|n then be' accurately computed. Radar 
cowiunication systems -have been proven us-eful in both .peace and war time. 
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Date : 

V 

period: 



Ship board radar station 





Object 



MICROWAVE: 



This is a fairly new and efficient sethod of cowiunii^cation. Microwaves are 
short, ultrahigh frequency radio signals that travel at the speed of light,^ 
They carry telephone, television, telegraph, teleprinter, and other kinds 
of coisBUni cations information. 

Microwave antennas look a[ lot different than lower freqiwncy antennas becausi 
they are used like light |»flectors or search lights. Microwaves can only 
travel in straight lines Sich aeans that for great distances many relay 
stations must be u^ed* The microwave comauni cation system operates just 
like other systems you have studied with a transmitting and receiving device 



k8 MIC 



Received 
Nave 





CROWAVE SIGNAL 

Amplified Received 
Transmitted. Vave 
Wave 



i 



Amplified Received 
transmitted Wave 
Wave 




5i 




Amplified 
Transmitted 
Wave 




SATELLITES ; 

Satellites are part df a commuhication system between a ground station and 
« device in orbit troimd the world. Dozens of satellites «re now orbiting 
the globe providing hemisphere-to-hemisphere communication, .weather obser- 
vation,'^ and environmental information. The first satellite was launched by 
the Russian's in 1957 and was called "Sputnik." 

Satellites generate their power from the sun to continue receiving and 
transmitting data for long periods of time. Many satellites gather infer- _ 
mation upon request then send this information to various tracking and ' 
communication centers throughout the world. 
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Pfiriod: 









Satellite 



Ground tracking 
station' 



LASEBS^; •COfpticalj^owiunication} 



Alexander G.Bjil in 1880 first proposed several aethods of coiwunicatinB 
with light, but not until the 1960'$ did the laser actually develop into V 

irh^Sfl^!''*^^;!! «>Mically a device nhich gives off a be alt 

of light energy that is "ordered or directional", and has the ability to " 
cmx, xnfomation. The laser has Bwiy other applications besides coaauni 
caHSn such as cutting Or drilling .aterlais. the relii£iinrof «aSrSL 
■unicatxon systems, utilizing lase?s is still undor studrin^^ ihrpJeJent 
tiTO insufficient technolo^r has held back its progress ^ w»c psresoni: 

^ Microphone ' L 'i 




2. 



Amplifier' 



ModulatoV 
Driver. 



• Audio 
Ampim^y 



Detected 



< 



I 




Laser 
Trans^ter 



Sound and 



beas of light 



Video 
AlBplifier 

T 



COMPITTER ; 

A basic need of business, industry, and govemaent is the ability to 



Photo-sensoT 
: receiver 



coBBunicate lar^e aammts of infomation rapidly. Computer comBJuni cation 
Snl!*!*?!®* important need. Generally, all computers contain five 

basic stages: input, output, storage, logic, and control. 
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Perioji; * 



.The input stage provides aeans to feed da'ta into the syste*. 

gutput stage provides the ajeans-to remove data iron the systea. 
'^9 stor^jjjS, st^ge holds infoirBation ^eT' future processing. 



^« l^sXc stage performs the' iatheaa tics in order to coaplete a problea. 

iP*® control stage contains the "prograa'^ of instructions for the stages to 
follow wnen cOapleting a job. / • 

^e coaputer is indeed a powerful cbaiDunication systea now> and for the 
future. 



/ 



/ 



Input 



1 



^ Control 



Storage 



I 



7 

Logic 




Output 



Compttter System 
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* 1. 

3. 

■' 4. „ 

7- 

9. 
10. 

u. 

13. 

15,. 
16. 
i'7. 
•18. 

ly, 

20.' 
21, 




-V 











in 

... 1 


sync 


soi^r ' 


11 1 
hearing 



22. 

24'. 
25. 



destination 



AM 




J M 


1 . 











































Uate: 
Period: 



T F 

'ab g d 




2<). 

.27: 

28. 
2 

30 
«31 
32 
33. 

34. 

35. 
'5b, 
,37. 

58. 

3y. 

40^ 
41. 
42. 
43. 
,44. 
45 . 



40. 
47. 
48. 
4y. 
50. 



T F 
ABCD 



54 
$5 
56 



60. 

.67. 
68. 

70. 

73. 

74, 
75. 
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A. 









TF 



76 
77 
78 



4^'6, 
/- 87. 

8^5. 

89. 

90. 
. 91. 
. 92^ 

93. 

95. 
96. 
• 9 7. 
98. 
99. 
100. 
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*S»how work for prob|:ems on back of answor sheet. 
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ANSWER KEY ' * . 



4, KHON. YOUR DEFINI TIOH^ 

1. eoaatmication 

2. djBcoder 
3* Tftdar 

4. radio wave • 

'^S. televis:iQn 

. 5, sync ' 

.% carry . 

• B» Bodulation 

9. laser 

10, telegraph 

11« inforBatioD - 

12.- Bicrowave 



For sketch and facts see 
informational handout. 
Block Diagras . 
source - message cent e|)t 
coder - UHF sijgnal trans- 
nitter 

aessage caTrier * atmos- 
phere and relay 
stations 

decoder - receiver and 
amplifiers^ 

■essage destinition - 
Speaker systems' 



B. COMMUNICATION SYSTEMS 

b. For sketch and facts see 
informational handout. 

' Block Diagram 

' Source - manual or programmed 
•keying . 
coder 7 t^ansmitter^ 
message carrier - air. 
decoder - receiver , , 
message destination CRT' 
. viewed,. by operator 

c. For sketch and facts see ' 
informational handout. 
Block Diagram v 
source - message content 
coder V amplifier iahd transf 

' mitter - ' ^ . 

\ - message carrie-r - atmosphere 
or space % 
decoder - photo-sensitive ' 

. receiver ' ' ■ 

message destination - -video and 
audio, amplifiers ta viewer 
d» For sketch and' facts see, 
informational handout. 
Block Diagram ' 
source - audio and Video 
program 

coder - audio and video trans- 
• mitter ' 
, -message carrier - atmos-phc^ re or 
J space 
.deader - audio and video 
/ detectors and amplifiers 
message destination - speakers 
and cathode ray tube v 
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' - 5TATE EUlailUClTY/lilLCTROMlCt; tURUICUtUNf OUIUU • 

INSTRUCTOR'S GUlDli TO ACCOMPANY LEVEL H UNIT 122 

Title of Unit ! Exploring Occupations in Eiactricity and Electronics 

• ' ■ ■ ■ ■ 

Ti me - AI 1 pc a t i on* ; 1 week 

Unit Goal ; v * 'W ^' 

To in f Ota e students in terns o£ the necessity of work kinds of skills 
necessary to sain enplo/Ment, and the. location of specific occiHiations 
^ within the Ba^or Electricity /Electronic occupational families. 

Unit Objectives ; 

The student will be able to: 

!• identify the four major occupational families in the E led tri city/ 
Electronics area, 

2. explain the tvo kinds or classifications of skills that are 

genilrally required to gain technical employment, ^ 

3« describe the curi^nt^cupationiil forecast for technical jobs 
pertaining to the Electricity/Electronics field. 

Evaluation ; , 

The student will demonstrate his/her competence in te^s of these 
measurable objectives based. upon individual instructors acceptat>le 
performance criteria^ which may utilise a combination of 'oral^ or written 
testing procedures. 

Instructor References ; 

Exploring Occupations in Electricity and Electronics . Larry Heath., McCraw- 

r~ 

Industrial Education Electricity/Electronics Curriculum Guide; Grade " 

Uevels 7-14 . Robert E. LiVlo and Mick s. Soi'^iotto. State o^ Califor- 
nia, 197 7 . All. 

Your Career in the World of Work . M. Berlye, H.W. Sams, 1975, Chapters ;I^l 
Overview : * ^ 

Remember, Unit 22 includes the important instructional topic of 
guidance' which can 'really support and promote the reasons why the students 
should continue their studies in this specific industrial subject area. 

This unit can be introduced by simply discussing the necessity of work 
Foc)is on such reasons as economic needs, self-worth, social contact, life- 
syrle desired, etc. 

Next, assist sitjudents in locating where the jobs are and how they are 
classified. Utilizing the unites flow chart depicting the fajor Elec- 
tricity/Electronics' occupational families or clusters,, identify the 'four 
■fjor work' areas. 

The topic of what skills are really necessary for employment should be 
'presented, however, equal time should be allocated for discussion of both 
'•social" skills and "technical" skills. ' ^ 

This unit should conclude with an overview on the present occupational 
forecast for this technical field. 
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:>Uflaested Pregentation iiints/»tethodology ; 

FoUotf the instructional Bodule unit outline as a basic skeleton 
f.or curriculuii presentation, however, no t^ the following: , 

1. This ^^iri^ was Included as a neans^to suppleaent the school 
guidance program, hence, ndraw upon their resources for know- 
ledge related to current filas, tapes', or any other audio ^ . 
visual aaterials thaf laight coordinate with, this unit of 
instruction. 

2. Occupational slides can be taken of the specific work areas 
within each cluster to further dramatize the student's awareness 
of specific job descriptions. In this way the student will 
have greater exposure to the many different kinds of technical 
Jobs that can be found in the four major occupational families 
in the Electricity/Electronics area. ' 

3. Consult the latest edition of the Occupational Outllbok Handbook 
and the Dictionary of OceupationarTitles to keep 'abreast of "' 

• current information about careers in the Electricity /Electronics 
field. For more information of this nature contact the U*S. 
Government Printing Office, Washington 25, D.C^ O 

4. When gathering occupational data for aiii -occupation ill f03:ecast it 
•is helpful to procure a copy of the latest Area Manpower Report . 
This report Will contain economic outlook proj^ections'ii trends 
population growth, etc. It is available both at the Federal and 
state level, so check with the proper govemtient employment 

, ' development agency in your area for further information. 

Supplemental Activities and Demonstrations ; . 

1* In addition to prepared occupational forecasts^ which primarily 
refer td future needs, it is advantageous to have students' 
analyze a major urban newspaper's Help Wanted Ads . These kinds 
of; ads can assist in identifying immediate job availability. 
' 2* When discussing where the jobs are, indicate employment decline 

is mostly found on those jobs requiring less education and train- 
ing. Have them verbally describe some of these jobs by title 
. while the instructor lists them on the blackboard. 
3. Point out that women play an important part in the world of work. 
Indicate th^t many work In the Electricity/Electronics industry 
and that* in some companies they outnumber men. Imptess upon the 
students that during the past twenty-five years, more than half 
of all the new workers added to the American Labor Force have 
been women. 

Instructional Module Contents ; 

1. Unit Outline (overhead) 

2. Pre -Post Test (keyed) 

3. Technical Glossary 

4. Worksheet (vocabulary) • Word Decoding 

5. Worksheet - Necessity of Work 

6. Quest Activities / 

7. Informational Handout (Employment Forecast and Kinds of 
Training) ' * 

8. Unit Module Answer Keys 

LII-U22-2513 ^ 



Exploring Occupations in- Elg<;triGity 
and Electronics 

A. Necessity of Work ^ 

B. Where Are the *Jois? 

1. Cluster breakdown for 
electricity/electronics area * 

a. Electronic manufacturing 
and services 

b. Electrical servicing and/' 
repair 

' . I 

' ■ X ^ - 

c' Electrical construction 

■< ■ • ■ 

d. Miscellaneous technical ^ 
occupations , 

2. Skills. necessary for employment 

a. Technical skills 

* 

b. Social skills 

r ' 

C. Occupational Forecast 
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Test Nuiri)cr 

., , ^ 

Ui-UM " UNIT EXAM ' / 

V ' EXPLORING OCClfPATIONS IN ELECTRICITY AND ELECTRONICS' 

*' ' ' *r 

IMPORTANT* \, 

Indicate your responses on the answer sheet only .- Fill in 
the box corresponding to the correct answer to^ach qiiestion - 
vther^ is only one correct answer. for each question. 

.. ^ / ,. V ■ ', : 

I* The «a in reason for work is to earp enou^ Boney to liuy a car 
and pay for the insurance; (T-F) 



2. An Electricity/Electronics Occupational Cluster refers to a najor 

faaily of related occupations tna| say have^a comnon funftion. (T-F) 

- r - - ^ . ^ ^. ■ 

3« . All jobs require i^out the sane training and preparation, (T-F) 



4» The way an individual responds or feels about their (|areer has 
^reat importance on t)>eir overall satisffction with life,, (T-F) 

* . » . • 

5. The occupation you select really is only important during the working 
day and has little influence on your personal life. (T-F) 

■ ■ .• ^ 

6^ Women are generally unsuccessful in an electronics occupation because 
of the physical dexterity required^ (T-F) 



7. Most adults in our society are well satisfied with their income and 
life style,' they indicate that career planning is not that essential 
to obtaining career goals. (T-F) 



|uick method of checking the demand in a certain major work area 
is r» read the "Help Wanted" section of your local newspaper,' (T-F) 



9. Once you can find another employee's mistake a good social skill woulc 
be to force them to admit it and then report the individual. (T-F) 

id. People who go into the "asses^ly" occupational area must have s^ttainec 
a strong "professional" type training background. (T-F) 



LII-U22-4 415 



/ 



S0ci«ty*s "to1« «9cpectations*' of ules and feagles should be followed 
because there >re certain careers just for aen» and women should not 
'be allowed tyeiSf^ unless it has been traditional* (T-F) ^ 

• Pressure from your faaily and friends influtfhces in^jaany ways your 
career choice, (T-F) • ^ 



If you sake a lot of soney. it does not really aatter whether or not 
you like the' occupation* (T-F) v 



Everyone has a basic need to feel wanted and worthwhile. (T-F) 

If you want to have friends on the lob ijt is necessstry to do all of 
the talking when having a conversation* (T-Fj; 
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.NajBe'j ^ ^ 

\ Period;. 
- TEOmiCAL GLQS&ARY * 

a . , . , * . , > . 

S _ , ■ * ' - ^ 

. ' » 

A giroup of occupations or 3^obs"~thst aro related or joined 
together by having similar characteristics or a cownon 
purpose,. V 

The ^kili or knowledge a person needs in order to per- 
fora a particular job ysucceSihfnnyTN^ 

That cluster of electrical occupations* involved with 
wiring power circuits and auxiliary electrical devices^ 
into a b\iilding or structure. An electrician is an \ 
exaaple of the type of individual found within this \ 
job cluster. ■ 

That clus^erl^^of elect riciVocc'u^^^ involved with 
the repair, installation, wiring, fabrication, adjustment , 
and Daintenance of electrical devices. Sample occupations 
can be found in the electrical iitility, telephone, and 
appliance repair industries. \. 

/ ■ ' ' ■ • •: 

That cluster of electronic occupations involved with 
supervising, design^ asseiid>ly, inspecting, testing, 
servicing, and fabrication of electronic devices* Sample 
occupations such as assemblers, testers, technicians, ^d 
printed circuit board process.OTS are found within this «v 
cluster. ^ 

A projection or educated guess, based upop surveys, trends 
and studies, of the future needs of an industry or 
occupation. Forecasts arje often completed to point out 
the job needs (openings available or ov^r supply of 
qualified peoplej^for a particular areii or industry. 

An individual, who through proper training has obtained 
many specialized and complex skills or abilities. This 
individual \s usually very much in demand by industry, 
and paid an excellent salary. Generally this person will 
have, completed at least two years of college or technical 
training. 

» - — 

That cluster of electronic occupations which includes 
various specialized jobs within the field of electronics. 
Sample occupations in this cluster incl'ude engineers,, 
teachers, vocational counselors, and radio/TV brpad- 
cas-ting jobs. 

The job or type of work that you perform in order to 
earn a living. . t . ■ 



/ 



LIItU22-6 

4i7 



Date; 
Period: 



PROFESSIONAL: 



SEMISKILLED; 



SKILL: 



so(Jal 

I 



SKILL: 



TECHNICAL SKILL/ 



UN'SKILLEd.: 



KORK: 



An individual who has spent aany years in preparation 
"for a "rewarding" and "highly responsible" job. this 
type of individual generally coiapletes four or more years 
of college education^ dften donating many hours of work 
in order to gain experience* When hired, a professional 
can expect a very high salary to offset the years of 
training require d« Doctors, lawyers, engineers, etc* 
are classified as professionals. ^ 

An individual who has aquired a sufficient nu]|;iber of 
skills to sake then readily employable in nany occupa- 
tions^ These individuals can usually plan on receiving 
additional training on the job or at night or at a tech-' 
nical school, to assi^^then advancing to a better job* 
Semiskilled jobs ssually require at least a Jiigh^ school 
education. 

The ability to perform a task or job, by applying 
learned knowledge and/or physical dexterity* 

Skills, bj^iavipr, or manners needed to work, communicate 
and "get ^long" with dther people* Social skills involve 
such things as working efficiently with other people 
even If you don't like or know ^^m, using your time 
efficiently, dealing with frustration maturely, using 
acceptable language, etc. ' 

A specialized skill, ability, or knowledge required to 
perfontf a job or technical task. Soldering, measuring 
voltage, applying cActronic knowledge to solve a circuit 
problem are examples^of technical skills. ^ 

t A^worker who possesses a minimal number of skills or 
abi^ties. Unskilled workers usually are paid very low 
wa^es, and perform very simple, repetitive tasks. ' Un- • 
skilled workers generally have not finished high school. 

The labor, tasks, or duties that one performs in exchange 
^ , for payment, (wages, goods, etc.). 
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WORKSHEET 
VOCABULARY - WORD DECODING 



Date : 
Period: 



The words below have little waning until they are decoded. Each letter 
ac^ttially represents another letter in the alphabet. Your task is to 
break the code and decode each word. The exaaple jwirll get you started 
by pw)vi ding four decoded letters. The code remains the sane thfouch 
out t<^e .worksheet. ' ' 



EXAMPLE: A, L J Y A A Y 

' £ A £ & I. £ 

1.* B U Y L J D E 



A. I CAREER I 



2. I U I V A E A T 



3. D U L R J U D G R H H 



4. ULLFVJE/RUT 



5. ' V Y U B A p D R U T JrH 



6. L H F D E A Y 




7. M U Y G 



8. E A L Q T R X J H D G R H H 



9. D AlY Z R L R T C J T P Y A V J R Y 



'■I 



5-[ 



6.[ 



8.r 



10. AH A L"5VY UTRL IJTFBJLEFYRTC 10. [ 
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WORKSHEET 
NECESSITY OF WORK 



K«ae: 

Period: 



Answt.r the following questions in short essay form* , « 

The.aain reasons why we work are outlined tiel^« In the space provided 
explain what is speciticaiiy ■eant by that topic t||le,. 




1. ECONOMIC REASONS: 

(Hi^t-aoney, l^uries » etc.) 




2.' SOCIAL RECOGlillTION: 

(Hint-contact, friendships, etc.) 
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Petiodi 



3. EMOTIONAL SATISFACTiai: 

(Hint-identity, worth » etc.) 




Which one of these three topics would be the iBai« reason why you would 
work - be honest and of course be serious! 
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Worksheet . Period; ■ ' " ' '•• ■ 

QUEST ACTIVITY ' ^-^ 

"UNIT 22" 

CAREER RESEARCH IN THE ELECTRICITY/ELECTRONICS AREA 

An iiportaht part of exploring occupational inforaation involves the 
collection of specific career data which can possibly be utilized in 
forfiing an appropriate career goal*. 

* Referring- to the^ attached Electricity/Electronics Organizational Cluster 
Chart, and all other career resource aaterials available in the class- 
rooB, coBplete.the^ following occupational profile as directed. - 

Select "1" occupation which interests you f roB any Major Work Area found 
wit|iin a particular Cluster and use the format indicated below as a ^ 
layout guide. Turn in a nea% profile and njiswer all questi^ons. ' | . 

» ■ '■ - ■ . 
1_ . Ou« Date: ' ' 



I. Research profile # 



11. Naae of Major Work Area selected: 

' ■ • .» 

III. Basic duties and responsib,ilities j 

^ IV. Specific working conditions: 

•J ' - \. 

V. Salary range: . 

.VI. .Present and future occupational outlook in this career: 

VII. Educational anct/or special training requireaents : 

VIII. Availa^bility of locaJ? educational or training institutions: 

IX. Advantages and disadvantages of this career choice: 

} X. List your sources of inforBatiOn in completing this profile 
(bibl^ograplJy): 

J ■ , ■ ■ • ■ . 
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. : / WORKSHEET * - 
CAREER RESEARCH IN THE ELECTRICITY/BLECTRONICS AREA 



Date: 
Period: 



N«j or 
Oiccupational 
Faailies 













Cluster #^,0 * 

• i 


^ Clnister •f2.b> 




Cli^ster #3,0 ^ 


Cluster #4.0 



% ■ tl > ' 

Electronic 
Manufacturing^ 
^Services 



Electrical 
Serv^^cing 
k Repair 



L 



Electrical 
Cons.tructioi) 



1 



Miscellaneous 
Technical 
diccupations 



■ 



1.1 Prbcessing 


2.1 Electrical 'lnstru»ent 


3U Electricians 


4.1, Engineering 


1*2 Assembly preparation 


2*2. Coil, Motor, and Generator 




4.2 Education- 


1 . S Ass«roblx__ ^ 


2.3 Appliance aiid Fixture 


3.3 * 


^Radio/Television 
4.3- firoadcastins 


• ^ Inspecting and 
i.4 Testing . 


2.4 Co&Dunic^tion:> Equipment 


3.4 . 


4.4 ; • 


lis '3et-up Maii^ntenanqe 


2.5 Transportation Equipment 


3.5 


4.5 


1,6 Technician 


2.6 ElectricM Utilities 


3.6 ■.' . ■ V 


4.6 


1.7 Special Occupations 


.2,7' Misc. Electrical Equipment 


3.7 


4.7 


1.8 Supervising 


2^,8 ' /-;' ; / ■ 


3.8 


4.8 . , . 


. g ' Repair^ and Servi ting 
Eiectrqnic Equipment 






4.9 . 
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' ' ' ■ Nmi© : ^ 

D»te ^ 

• • ■ ■ ' * 

Period: 

INFORMA'^NAL HANDOUT . 
EMPLOYMENT FORECAST ii^D OF JRAINING 



Forecast: ^ 

■ ■ ■. y ....... . ■ '-i* 

A v4rie;ty of technical opponunities for eapioy^nt Ml California will 
be Available if you ajtain the sk'i lis necessary within the educational 
'process. Eaployers are seeking individuals who posseses hitgher levels 
'oif technical education because many occupations are coiiplex and , 
Tctquire greater skill. In the past, eaplsoyaent* growth generally has 
been faster in those oc^itpationS re<iuiring the most education and/or 
training. - , 

Entry level occupations that require a BinisuB of higji school education, 
incli:iding some technical traitting, still denand basic or fundanentfl r 
sHiils in order to survive. EBpIoyers a^ree that young people Who iiave 
acquired skills and a good education wl>I have m better opportunity 
satisfying employ^nt, greater wages, and security of oBployaent. 

Employment in tife Electricity /Electronics area and its related occupa- 
tional fanilies is expected to increase faster than the average. f(^«> 
ail industries through the middle I990*s. In addition to thd occupjfttions 
resultlni^^ from employaent growth, large numbers of openings-^wi^ arise'' 
through, normal ya.cancies created by .retiteisibift, ddath,. and'einployee' 
occupation change. ^ 

-v -* •. 

Although employment in* the Electricity/Electrpnid area is expected to ^ 
grow over the long run, it may fluctuate from' year to year amoivg 
occilpational clusters and/or major work areas. 



3 Preparation Systems 



1. 



Entry LEVEL occupations 




Redttireaents g Graduation from high school or R.O.C. with as 
nany possible electives in math, drafting, metals, and of 
course Electricity/Electronics. These ba$|^c skills will be 
of immediate "help in entering an industry. Read magazines and 
books on basic Electricity/Electronics. Remember you will 
get on-the-job training once you are hired. Night school 
or a home study course will assist- you in pronotions or a 
better paying' job within the company. ' 

« ■ 
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Period: 



Z. 




FURTriER TECHNICAI, TRAINING 

Requirements; Graduation froa high school with as. iany possible 
eiectiyes in aath, science, drafting, ^tals, and of course 
Electricity /Electronics. Additional technical training can 
occur at a technical institute, coaaunity (junior) college, 
and/or ailitary training program. Many of these advanced 
training institutions have a placeaent service to assist 
students- in locating iaaediate eaployaent after graduation. A 
certificate or degree is usually granted upon success^l coa- 
pletion of a 1-2 year prOgraa. 



5. 




PROFESSIONAL TRAINING 

Requireaents: Graduation froa high school with as aany possible 
electives in aath, science, Electricity/Electronics, and other 
prerequisite college courses. This kind of training will occur 
in a college or university withi a ti^ coaaittaent of about four 
years. Entrance requireaents for colleges and universities vary 
greatly, so check with your counselor to aake sure you can aeet ' 
the requireaents of the college of your^ choice. Keep in aind 
that for soae engineering careers two or' aore years of graduate 
work is necessary past the regular degree. 



Good Luck! 
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A BCD 



1/ 



1. 

2. 
3. 
4. 

5- 
7. 

a. 

9. 
10. 

11. 

12. 
13. 
14* 
15. 
lb. 
17. 
18. 
19, 

2ir^ 

21. 
22. 
23, 
24, 
25. 



v.. 



20, 
27. 
'28. 
29. 
30. 
31. 
32. 
33, 

34. 
. 35. 

30. 

37. 

38. 

59. 

40. 

41. 

42. 

43. 

44. 

4S. 

40. 

47. 

48. 
•49. 
50. 



AB CD . A BCD 

52. 



Nanc : 
Uate: 
Period: 



















* 












• 










• 


































• 
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53. 
54. 
55. 
56. 
57. 
58. 

59, 
60. 
01. 
62. 
63. 
6.4. 
65. 
06 . 
67. 
08. 
09, 
70. 
71-. 
72. 
73! 
74. 
75. 
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ABC D 



76. 
77. 
78. 
79. 
80. 
^1, 
82. 
83. 

84'. 
85 . 
86. 
87. 
68. 
89. 
90. 
91. 
92. 

93, 

94. 

95, 

96. 
9 7.-^ 
98. 
99, 

100. 
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« ^^ 
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ANSWER KEY 
UNIT 2Z 



A, WORD DECODING 



1 

v2 
3 
4 

•5 
6 
7 
S 
9 

10 



forecast „ ■ 

conpetency 

sociftl skill 

occupation - 

professional 

cluster 

work 

technical skill ^ 
servicing and repair 
electronic nanufacturing 



B. NECESSITY OF WORK 

,1.. Cs Ufa ject£ve answer); 
2. (subjective answer) 
^ 3, (subjective answer) 

C. QUEST ACTIVITY 
(subjective evaluation) 



m 



o 
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CURRICULUM GUIDE 
lNSTRUCTION*AL MODULE 




STATE OF CALIFORNIA 
DEPARTMENT OF EDUOJ^ION 



NAME. 



DATE STARTED. 



DATE COMPLETED. 



ERIC 



BY 

R. E. LILLO 
N. S. SOFFIOTTO 



I 
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diHit tLtLAiacin/ttLLTRONXCS tURRlCULUH i,bii)L 
INSTRUCTOR'S GUIDE TO ACCOMPANY LEVEL II UNIT #23 . -S 



. Title of Unit ; Your Future in Electricity and Electronics 
Time Allocation ; 1 week ' i 



Unit Goal; 



To further acquaint students with the process of occupational 
exploration through awareness. 



Unit Objectives : 

The student will be able to; ^ / * 

1. indicate in writing or verbally those methods of job selection 

typically utilized when researjching a possible occupational choice 

^ 2. select one occupation that personally cones closest to their 
individual abilities, interest, and attitudes^ 

3. explain the essential ^preparation or training necessary to fulfill 
* the qualifications for entering ' the specific occupation they have 
selected. • - . ' 



bvaluation: 



The student will denonstrate his/her conpetence in terns of 
hese measurable objectives based^upon individual instructors acceptable 
performance criteria, which utilizes a combination of oral, or written 
testing procedures. ■» « 

Instructor References : > 

Exploring Occupations in Electricity and Electronics . Larry Heath , 
Hcuraw-Hiii Book Co., 1^76. Units; HTI ~" • 

Introduction to Electronics . Clyde Herrick and Bill Deem, Goodyear 
Fi^ilishing Lonpany , inc. 1973. Chapter: 2. 

9???*^ ^ ^.^ World of Work . Milton K.* Ber lye', Howard W. Sams Co., 
V^i>75, Chapters: TTT , / 

Overview ; ^ " ^ * ^ , ^ 

» 

Unit 23 is the last unit of this level, and represents a natural 
culmination point for all of the previous activity at this level, however. 
It can also be thought of as the *'hook" ifi assisting students into the 
field of' electronics. ^ - 

The introductory topic deais with the basis of self assessment and 
Its relationship to the overall job selection process. Emphasis on what 
kind of person represent today and what type of person "I" desire to 
be are essential when/ analyzing the selection process a^ong with such 
considerations as salary, qualifications, working conditions, etc. 

The next instructional topic present^ an overview on basic occupationa 
research techniques and methods of obtainjlng, additional occupational infor- 
nation. ,j ' 

Unit 23 can be incorporated into Unit 22 or presented separately to 
facilitate the instructor's time line. 

V^O * 
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SuBgest^d Presentation liints/Methodology ; 

Follow the instructional nodule unit outline as a basic skeleton 
^r ^urricuiuB presentation, however^ note the following: 

■ , . ' . ■ . t 

1. Check the yellow pages of th^ telephone book for electronic 
manuf Picturing firms. . Locate a company that wili-al^ow a school 
field trip through thefr establishnent and take time with the 
cjompany's representative to describV^he kinds of things that 
the students would be interested in viewing, 

2. Do not forget to reemphasize. the sheer value of work in a per- 
son's life. Review the idea that most people work for economic 

» social, and psychological (emotional^ reasons. Remember to 

explain to students to be honest and realistic when completing 
all personal inventories within this unit. 
/ 3. Check^with your local guidance counsel«or or career center to see 
if you can obtain several aptitude and interest inventories 
tests. These kinds of tests can enable students to develop val- 
uable insight into their strengths/weaknesses, and likes/ 
dislikes. • The results of these tests, combined with some tough 
self-evaluation, can help point them in the right direction. 
4. Indicate to students that these tests dp not measure motivation, 
personality, or ambition. They do show fairly accurately what 
you can do or what you like to do, but the individual must 
, decide what they actually will do! 

Supplemental Activities afid Demonstrations : 

^ A free publication worth writing for from HEW, Is a flyer 

describing five programs for student assistance. This flyer 
further explains the conditions under which one may apply and ^' 
where applications may be ob.tained. Order D.H.E.M. Publication 
No. (OE) ^77-1790 7 from the Pepartment of Health, Education, and I 
Welfare, X)ff ice of Education, Washington, D.C. 20202. . 

2. To obtain information in reference to apprenticeship programs 
write the National Apprenticeship^'Pro^rara; U.S. Department of 
Labor, Employlnent, and Training Administration, Room 102^25, 
Patrick Henry Building, 601 D. Street, N.W. Washington^ D.C. 
20213. ; ■ 

3. For more* career information describing trainings programs and 
tips on job finding, contact; Manpower Administration, U.S. 
Department of Labor, Washington, D.C. 20210. 

Instructional Module Contents: 

• , 1. Unit Outline (overhead) . ^ 

I • ■ ■ , ^ 

2. Pre-Pos^ Test (keyed) • • 

3. Technical Glossary . ' ^ 

4. Worksheet (vocabulary) - Know Your Definitions 
i 5. Worksheet - Personal Profile Analysis 

6. Quest Activities 

7. Informational Handout (Interest and Ability Inventories) 

8. Unit Module Answer Keys 

461 ; . ^ 
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^ XXIII • . ypur 'Future in Electricity and 

^ Electifonics • t ! v 
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A. Personal Interest Inventory 



\ 



... f 



B. ' Possible^ Career Choices 
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test Number 



UNIT EXAM 



YOUR FUTURE IN ELECTRICITY AND ELECTRONICS 



IMPORTANT- 

Indicate your re spons^fes on the answer sheet , only. Fill in 
the box correspQjiding to the correct answer to each question - 
there is only one correct answer for each: question. 



/ - 




• \ Researching careers is tlie process of carefully studying information 
about many different occupations. (T-F) 



2. The Dictionary of Occupational titles is helpful when learning how 
to spell or define an occupation. (T-F) 



3. . .Choosing $ career occupationvis genersH'y- easy and requires- veryH* 
li.ttle thought. (T-F) - ' >^ * ^ 



4. 



5. 



Personal abilities are of little importance in selecting a cir6^|r/ 
A desire to be clean and ne^t in appearance 5ht}U Id have nothing to do 



with a career choice. (T-F) 



». Part of getting to know and understand yourself is- to evaluate your , 
f interests. (T-F3 * — ^ ^ ^ - 



7. Finding a career occupation is generally mostly a naiter; of blind 
luck, (T-F) 



8. When selecting a career goal it may be wise to deterjnine what the 
future needs might be for that select-ion. XT- F) %^ 



9. A^ lonj »5~you4now the "right" people it is -smart to disregard the 
educational or ti5ai-nilig requirements of an pcSupat ion.- (T-F) 



10. School grades^ ^tttendance, and tardies ai'e usually ignored fey poten- 
tial employers. (T-F) ^ . 
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APTITUDE TEST: 



-INTEREST 
INVENTORY: 



OCCU)?ATIONAL 
SEARCH: 



QUALIFICATIONS: , 
SELF EVALUATION: 



r 



TECHNICAL GLOSSARY 



Date : 
--Period: 

i 



A type of test used to assist in measuring or gauging • 
your probable success and ability in special areas, A 
common aptitude test is the S.A.T. test, a college 
entrance exast used to predict your learning success in 
callege. The A.S.V.A.B. exam (Arned Service Vocational 
Aptitude Battery}^ tests abilities iii vocational areas or 
subjects. . 

■ • . ■ ' ■ •:■ ' • , " . •' 

A research questionnaire or te#t used to determine or 
locate your personal interests, ^ This information can 
•then assist you in selecting an bccupational area or a 
number of jobs which incorporate your identified inter- 
ests. 



The process of studying and survbying many occupations - 
identifying najtir duties ^ tequires^nts, working condi- 
tions » wages, employment forecasts, advancement possibi< 
lities^ and training needs. 



A list of achievements, accomplishments or qualities an 
employer will look for when considering an individual for 
employment. ' ^ 

An honest, hard, look at yourself to determine your 
•personal strengths, 'Weaknesses, problems, and concerns. 
An honest self-evalti|tion can he}p| in setting aN^ealistic 



occupational goal. 



JOBS 
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SCORE: 








Date: 


GRADE: 




• 










WORKSHEET 


Period: 



VOCABULARY - KNOW YOUR DEFINITIONS ■ 

.. f ■ ■ 

Develop a short definition ^ using your ovn words, "for the following tcras. 



1. OCCUPATIONAL SEARCH: 




2. QUALIFICATIONS: 










• INTEREST INVENTORY: 












\' ' ■ 


i 






1 





5. M»TITUDE TEST .4 
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Date ii 



WORKSHEET 
PERSONAL PROFILE ANALYSIS . 



Periods 



AH at us want to be "successful" yet to achieve this «nd we must plan \ 
OUT occupational choice and assess our «in dividual abilities, interests, ^ 

and attitudes honestly. 

' ■'^ ' . ' , . ■ , < • 

To bepin with, you must be "aw^re" of the person you are, thus the purpose 
of this assignment becomes obvious. . ' 

Complete the following personal profile in detail and again be completely 
honest in evaluating your assets and liabilities, 

1« Personality 

■■ J- 

Use a check (>/) when 

completing this section! .* 



Personality 
Profile 





Good . 


Pair 


Poor 


Courtesy ........... 

Drive. . • * . . , . . 
Health . ........ . . . 














■ e 






* 


























■ » \ 


























Pleasantness «... 
























— 






— ^~ — i — « 









Personality Profile Analysis: ' 

My personality^has several strong points as indicated- on the Person- 
ality Profile. Listed below are what I feel are, the most attractive 
traits. * ' . 

1.' ■ • 3. ■ 
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I have also discovered a need to iaprove these specific traits. 

■ ... . .4» , 

llm Interest * • . ^ 

the hobbies that interest me the nost at presentN^re as follovs: 



The classes in school that are the most exciting to ne are: 

. ' ' - , ... • 



I have always Xil^e to^'work .wiTtB: check 1 or more). 



People Thia'gfs .^Ideas All 




III. - ^ilitiel . ' , ■ . ■ ^^Lj' "^-r / 

My main s chol as tic attributes' tTe>J > <^eck 1 or more) 

Reading. Verbal *' tefthanical / Mathematical 
My overall grade point average div high school to date is;^ ' . ." 

■ \c • • / ■ , . • . 

IV. Values . 

Indicate your ranking the /specific values listed. Use -a wumber 
only oiic;e and the most imp 6rt ant value^ shoiild be labeled #1 and the* 
least important value' floV / Place your personal rating in~Jhe circle 
provided. • / 

. ■ ■ /■ ". , ■/ " . ■ ■ . 




Period: 



(value) 


(rating) 


(value) 


Fatte 

• - 


Q' 


Family 


Health 




Money 


Pow#r, ' 


^ o, 


Reli&ion 


Htimanisin 


o • 


Social 


Creative 


0. 


Artistic 



(rating) v 

O 
O 

o 

.o • 

G . 



Decisioft 

Considering the information on this profile and otiter cax:eer assess- 
ment data, 1 feel that I would like to further explore. career9^ related 

to: . • ■ ' , '■ ' ■ . 



1/ V 



^ 1- 






n 




■J 



\ . 



4 




( 



I 

t 



WORKSHEET 
, QUEST ACTIVITY 
' "UNIT 23" 



Period: 



1 * 



'List thk'ee places where you can 


find information abt>ut occupations: 




■ 2. • • ; ■ . . . 


■ ; : ■ . • 










In the s^ace provided indicate ^ree possible occupational choices for 
yourself and the training requirements for entering into that occupation, 
then indicate under which cluster this occupation caa "be found. 


T) Occupatioti Titiaf: 


. * Cluster 


Basic Training Requireioents 




[2y Occupation Title: 


Cluster 


Basic Training Requirements 


•■ ' . * . ' ■ ' ■ * ■ . 

' ■■ ' ' ' ■ 


^ Ofctu^ation Title: \' \ 


^ Cluster 


^ Basic Training Re^uireaents 





In the, space provided, indicaie^-^e present and expected needs for worjcers 
for the ^*V* Choices indicaS?^ abovft. 



*0 " "need for workers in this occiipat ion now is: 

' (A) Locally: . . -. 

^ CB)' Statewide': ' " ' 

(C) Nationally: " ^ 



Comments : 



The expected future -need for workers in this occupation is: 

(A) Locally: - * 

-(B) Statewide: 
>' - (C) Nationally: . - 



Comments : 
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. * Date : 
Pe ri od : 



I (2) - The need for woxkersi in this occupation noW is 



Locally: 



Statewide : 
(C) Nationally:' 



Comments : 

■A 



The expected future need for workers in this occupation is: 
. (A) Locally: 



(B) Statewide : 

(C) Nationally:" 



Comments : 



.a 



©- 



The need for workers in this occupation now is 
(A) Locally: 



(B) Statewide: 

(C) Nationally:' 



Comments : 



The.expected future need for workers' in this occupation is: \ 
(A) Locally; • • ' ■ ' 



(B) Statewide: 

(C) Nationally:' 



Comments: 



X 



I used the following resource "materials fo "verify" answers in this. Quest 
.Activity: . x , ' 





1. 


Title: 




Pages : 




1 


2. 


Title:- . 




Pages : 








. J'itle : ' ^ 




Pages : 














> 

•• 

* 










1 


< 
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Nane: 
Date : 
Period: 



INFORMATIONAL HAND&iJT 



INTEREST And ability inventories 



Having an interes t in an occupation is important 'but i^ just night not be 

^ ' . ...^ ^ --urti. 



enough^ you must ,aIso have the «biiity or a combination of abi; 
order t« fulfill your career goal. 



:ies in 



H&ve you eve 



stopped to analyze^ both your interests and abilities? 



To be successful in selecting the proper occupation for you, this is a 
must. 

interest Inventory B A general te^t of your overall likes 

' and dislikes. * " ' 

■ - . .■■ • ( 

Abilities Inventory—A simple te^t of your talents in terms 
of perf6|;jQiance/strengths and weaknesses. . 



GENERAL INTEREST AND ABILITY INVENTORY 



After each bf the following general 
interest or ability descriptions, 
place a check in the column which 
best describes youl 




My own 

feelings y 

(use a cheeky} • • 


■••liy 

Inioy 
A 


t 


T 
C 


^ Diflik* 
0 


1 Hat« 

if 

1 ' , 


1. Being my own boss 












z; working alone . 












3, Working with equipment. 






II 1 ' 


- 
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Name: . \. 



My own 

feelings t 
(use a check >/) 


- iMlly < 
A 


■ 


Miiyb« 

f < 

< ■ 

c 


Dislike 
0 


-"^rH^^ 

t H«l« 

If 
g 


4. Traveling a lot 












•U^ 1^ 9 Vt Jl 11^ V 1 1 k«> 
















































9. Suoervisino otihers 




































12^ Ma C^tto ^h4tiC9C "itt o fill r^vn 










^ 1^ 


13. Working with tool^ 












14. Sdli.110 thifioQ 












15. Speaking before £roup5 












16^ Pnllowino A^ftAiTfi 












17- - DiTfiCtTno otlii^TQ ^ 












18« Readinc books 














































vi. 
















23v Horkinp to close 


- 




0 




L J. ^ 

1 ^ 


24.. Ooin^ the same work 


















t 






26. Sledoinfi late 












27- . Working at TiToht 






) ■ 






28^ AbH^ to read ot nlav 


\ 






"3 
















50. Able to study problems 
JcfS? solve them 








# 




31- *^Artistic - 










IT — 


Ar*f*f1^9^A 4v^ ^A^94 1 tAf^^^^lr' 

•j^ • AUwU^auC xn Oewall WOTK 












^j. uooa at firammar., sue lime 










, S 


jHj. ijQoo 81 science f nam 












35. Concerned about the, 
p TOD 1 ems ox people 












•i^M • rjTCXI?! OULUOJOX W|OTa 












37, Able to type accurately^ 










4 


38 « Able to woTk iinrlAT* i^taqcii'ta ^ 












39. Prefer desk work ^ 












4U. Loniortapie* meeting new 
oeople . 


1 . 1. 

N 




f— — 






41. SeldoiBs tardy or absent ■( i 




— -1 








42. Being neat, > i^ttractive ' \ 
s^ppearance 












43* Prefer to work as part of 
a team 












44. Well coordinated 












45. Being l>eaHhy 




u — 
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Nase; 
Date : 
Period: 



Nowlreyiew your answers fron this general Interest Inventory, Especially 
Iook at the rows on «ach end because they aight influence a future ; 
career choice. 




Getting to know yourself a little better is the first step in career 



»p ^ ^ ^ 

awareness. You will do a such better j.ob, and be a'nuch happier person, 
if you really eft joy your occupation. > 





1. 

2, 
3. 
4; 
S. 
p. 

J- 

a. 

9. 
19. 

12. 

13. 

t 

14. 

IS; 

17. 

18. 

19. 

20. 
21. 
22. 

23^. 
24* 



ANSWiiU SilL'HT 
liXAM LII-U23 



\ 

Date: 
Period: 



TF 
A B CD 



T F 

A BOD 



29 



5y 

40. 
41. 
AM 
'43. 
44. 

40. 

47. 
48. 
49'. 
50. 



• 








• 








t 
« 










< 






• 












- > 




t 

■ 








i 








1 




# 






















— ^ 




















































* > 



























































5.3. 

54. 
5S. 
56. 
5 7. 
58. 

59. 
00. 
b'l. 
62 • 
63. 
64. 
65. 

67. 
6'^'. 
69^. 
70. 
71. 
72. 
73. 
74. 
75. 































































- 
















« ■ 




































* 










* 




































































4' 











. w * ■ y*Show w«rrk for problems pn back of answer 



sheet , 



T F 

A BO D 



n. 
77. 

. 78. 
79. 
80. 
81. 
82, 
83. 

84. 
85. 
86. 

87. 
88. 
89. 
90. 

91.- 

92. 

93. 
94. 

.95. 

96. 

97. 

98. 

99. 
100. 
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AKSWER XBY 
UNIT 23 



'KNOW YOUR DEFINITIONS 

I !• (subjective «iswer) 

' 2. (subjective answer) 

3. (subjective answer) 

4* (subjective answer) 

5. (subjective answer) 



PERSONAL F*ROFIL£ ANALYSIS 
"(subjective evaii&tion) 

QUEST ACTIVITY , 

1. Dictionary of Occupational 
Titles / 

2. Occupational Outlook Handbook 

3. California Occupational Guides 
Remainder of questions bave 
subjective answers. 




^75 
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